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Stated  Meeting^  January  6. 

Present,  seventeen  members. 

Geo.  B.  Wood,  President,  in  the  Chair. 

Mr.  Eckley  Coxe,  lately  elected,  was  presented  to  the  pre- 
siding officer  and  took  his  seat. 

The  resignation  of  Dr.  D.  F.  Condie  on  account  of  ill  health 
was  received,  and  accepted. 

A  photograph  of  Mr.  Thomas  Davidson,  dated  Geological 
Society,  Somerset  House,  London,  Dec.  6, 1870,  was  received. 

Letters  of  acknowledgment  were  received  from  the  London 
Geological  Society  (Proceedings  No.  82);  the  Smithsonian 
Institution  (83);  and  the  Swiss  Society  at  Berne,  dated  No- 
vember, 1869  (Proceedings,  vols.  X  and  XI). 

Donations  for  the  Library  were  received  from  the  Moscow 
N.  H.  S.,  Boston  Geological  Society,  Swiss  Society,  Bavarian 
Academy,  E.  Institution  of  G.  B.,  London  Meteorological, 
Chemical  and  Geological  Societies,  Leeds  Philosophical  So- 
ciety, R.  Dublin  Societ}^,  Peabody  Museum  at  Boston,  Boston 
N.  H.  S.,  Silliman's  Journal,  American  Antiquarian  Society, 
Franklin  Institute,  College  of  Physicians,  Penn  Monthly,  U. 
S.  Observatory,  the  Treasury  Bureau,  and  Editors  of  Nature. 
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The  decease  of  Wm.  Chauvenet  of  St.  Louis,  a  member  of 
the  Society,  at  St.  Paul,  Dec.  13,  1870,  was  announced  by 
the  Secretary.' 

The  decease  of  Joshua  J.  Cohen,  a  member  of  the  Society, 
at  Baltimore,  November  4,  1870,  aged  70  years,  was  an- 
nounced by  Prof.  Trego. 

The  decease  of  Albert  Barnes,  a  member  of  the  Society,  at 
Philadelphia,  Dec.  24,  1870,  aged  72  years,  was  announced 
by  Mr.  Fraley. 

Dr.  Geo.  B.  Wood  communicated  the  results  of  experiments 
on  the  best  method  of  reviving  fruit  trees. 

Prof.  Cope  communicated  the  discovery  of  a  new  genus  of 
fish  from  the  Green  River  Country. 

Mr.  Chase  described  the  methods  adopted  by  the  Meteoro- 
logical Board  of  the  Royal  Society,  which  he  had  lately  vis- 
ited in  London. 

The  Report  of  the  Judges  and  Clerks  of  the  annual  election 
was  read,  by  which  the  following  members  were  declared  duly 
elected  to  fill  the  respective  offices  of  the  Society  for  the  en- 
suing year. 

President. 
George  B.  Wood. 
Vice  Presidents. 
John  C.  Cresson,  Isaac  Lea,  Frederick  Fraley. 

Secretaries. 

Charles  B.  Trego,  John  L.  LeConte, 

E.  Otis  Kendall,  J.  P.  Lesley. 

Curators. 

Hector  Tyndale,  Elias  Durand,  Joseph  Carson. 

Treasurer. 

Charles  B.  Trego. 

Counsellors  to  serve  three  years. 

Isaac  Ilays,  Henry  C.  Carey, 

Robert  E.  Rogers,  Robert  Bridges. 

Mr.  Lesley  was  nominated  Librarian. 

Pending  nominations  for  membership,  Nos.  661  to  668  were 
read. 
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The  Publication  Committee  reported  upon  the  subject  of 
the  publication  of  Dr.  H.  C.  Wood's  Memoir  of  the  Fresh 
Water  Algae  of  the  United  States. 

The  Report  of  the  Finance  Committee,  postponed  from  the 
last  meeting,  was  read  by  its  Chairman,  Mr.  Fraley;  and  the 
sums  recommended  by  the  Committee  were,  on  motion,  ap- 
propriated for  the  expenses  of  the  ensuing  year.  A  further 
recommendation  to  increase  th'e  insurance  on  the  Hall,  was 
on  motion  adopted;  and  the  meeting  was  adjourned. 


Revival  op  Fruit  Trees  prematurely  ceasing  to  hear  fruit,  or  prema- 
turely decay ing,  by  Geo-  B.  Wood,  M.  D. 

(Communicated  to  the  American  Philosophical  Society,  January  6,  1871.) 

It  is  well  known  that  most  fruit  trees,  especially  the  peach  and  apple 
trees,  in  sites  where  they  have  been  long  cultivated,  often  cease  to  bear 
fruit,  and  even  perish,  long  before  their  natural  period.  Thus  the  peach, 
which  has  a  normal  life  of  50  or  60  years,  or  longer,  and  grows  under  fa- 
vourable circumstances  to  the  size  of  a  considerable  tree,  generally,  in  this 
part  of  the  United  States,  ceases  to  bear  fruit  after  two  or  three  years  of 
productiveness,  and  soon  after  begins  to  decay,  seldom  living  beyond  15 
or  20  years.  The  apple  tree  also,  long  before  it  has  attained  its  normal 
length  of  life,  often  ceases  to  yield  fruit,  either  for  a  time  or  permanently, 
without  apparent  cause ;  and  trees,  planted  on  the  site  of  an  old  orchard 
which  has  been  removed,  not  unfrequently  refuse  to  bear  at  all,  or  at  least 
to  a  profitable  extent. 

It  is  obviously  of  great  importance  to  discover  the  cause  or  causes  of 
such  failures,  and,  if  possible,  to  apply  a  remedy  or  preventive.  Unless 
I  greatly  deceive  myself,  I  have  succeeded  in  showing  that  the  evil  gen- 
erally has  its  source  in  a  deficiency  of  the  salts  of  potassa  in  the  soil,  and 
may  be  coiTected  by  supplying  that  deficiency. 

The  alkali  potassa,  in  combination  generally  with  one  or  another  of 
the  vegetable  acids,  is  an  essential  ingredient  in  all  plants,  excepting 
the  sea  plants,  in  which  its  place  is  supplied  by  soda.  In  living  vegeta- 
bles it  is  contained  dissolved  in  the  juice,  and  is  consequently  most  abun- 
dant in  the  most  succulent  parts;  and,  when  the  plants  are  burned,  the  al- 
kali is  left  behind  in  the  ashes,  of  which  it  constitutes  an  exceedingly  vari- 
able proportion,  according  to  the  peculiar  plant  or  part  of  the  plant  burned. 
Thus,  while  the  ashes  of  oak  wood  contain  only  about  3^  parts  in  1000, 
those  of  the  common  poke,  the  growing  wheat  stalk,  and  the  potato 
stems,  contain  48  or  50  pai-ts  or  more.  The  greater  portion  by  far  of  the 
alkali  is  in  the  state  of  carbonate,  with  a  little  in  the  caustic  state,  and 
being,  in  these  conditions,  very  soluble  in  water,  is  extracted  by  lixiviation 
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with  water,  and  obtained  by  evaporating  the  ley.  A  much  smaller  portion 
is  in  the  form  of  silicate,  which  is  left  behind  ijtthe  ashes  aftCr  lixiviation, 
and  gives  to  the  soap-boilers'  ashes  almost  all  if  not  quite  all  their  value 
as  a  manure.  It  is,  however,  only  the  fresh-burned  ashes,  not  yet  sub- 
mitted to  lixiviation,  and  consequently  still  containing  the  potash  iu  its 
soluble  state,  that  is  applicable  to  the  purpose  of  supplying  the  alkali  to 
fruit  trees  in  the  mode  in  which  I  employ  it. 

When  plants  are  no  longer  supplied  with  the  requisite  amount  of  pot- 
ash, they  cease  to  grow,  and  at  length  generally  perish.  In  the  case  of 
the  succulent  fruit  trees,  as  the  alkali  is  required  in  the  largest  propor- 
tion in  the  fruit,  this  is  the  first  to  suffer ;  then  the  leaves  gradually  fail ; 
and  at  length  the  whole  tree  dies,  limb  after  limb. 

How  I  came  to  discover  this  source  of  premature  failure  of  fruit  trees, 
and  to  supply  the  deficiency  by  means  of  the  soluble  potash  contained  in 
fresh  ashes,  I  explained,  so  far  as  the  peach  tree  is  concerned,  in  a  com- 
munication made  last  year  to  the  Society,  which  was  published  in  the 
Proceedings, 

In  that  communication  I  stated  that,  believing  with  most  others 
that  the  peach  tree  perishes  prematurely,  in  consequence  of  being  at-, 
tacked  near  the  root  by  a  species  of  worm,  I  employed  as  a  remedy 
against  this  parasite,  after  scraping  as  far  as  possible  the  worm  out  of  the 
root  with  a  knife,  fresh  ashes  in  an  excavation  about  the  stem  of  the 
plant ;  supposing  that,  by  their  caustic  power,  they  might  destroy  any  re- 
mains of  the  insect  or  its  eggs.  This  method  was  not  original  with  my- 
self ;  as  I  had  seen  it  practiced  in  my  youth  very  effectually  in  keeping  a 
peach  orchard  in  bearing  for  several  years. 

The  peach  trees  on  which  I  tried  the  experiment  had  long  ceased  to  bear 
fruit,  and  were  in  the  last  stage  of  decay ;  in  several  instances  one  or 
more  branches  being  absolutely  dead,  and  the  stem  being  covered  with 
lichens,  as  is  apt  to  happen  with  dying  trees. 

This  was  done  in  the  Autumn  ;  the  earth  having  been  removed  around 
the  stem  of  each  tree  to  the  depth  of  four  or  five  inches,  so  as  tr)  lay  bare 
the  upper  surface  of  the  main  roots,  and  the  excavation  filled  with  fresh 
ashes.  Next  Spring  a  marvellous  change  was  experienced  by  the  trees. 
They  had  recovered  more  than  the  vigor  of  their  early  life,  and  bore  fruit 
in  an  abundance  which  I  had  rarely,  if  ever,  witnessed. 

I  could  not  conceive  that  such  a  result  should  proceed  so  rapidly,  from 
the  destruction  of  a  few  worms.  Besides,  some  of  the  trees  had  no  worms 
that  could  be  observed ;  and  yet  they  had  been  as  far  gone,  and  were  as 
much  revived  as  the  others. 

I  was,  therefore,  driven  to  the  conclusion,  that  the  ashes  had  not  acted 
by  destroying  the  worm,  but  by  furnishing  to  the  trees  a  material  neces- 
sary to  their  existence,  and  from  the  want  of  which  they  were  perishing. 
This  could  only  be  the  soluble  potash  contained  in  the  ashes,  which  being 
dissolved  by  the  rain,  was  carried  in  solution  along  the  roots  to  the  mi- 
nute rootlets  where  it  was  needed. 

One  imi)ortant  inference,  which  may  be  here  incidentally  mentioned,  ii 
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that  the  j)each  trees  were  not  dying  from  the  worms,  but  that  these  at- 
tacked them  because  they  were  dying  from  other  causes ;  and  it  is  proba- 
bly true,  as  a  general  rule,  that  plants  in  perfect  health  are  in  a  condition 
to  protect  themselves  against  destructive  parasites,  probably  because 
the  salts  of  potash  in  their  vessels  are  repulsive  or  even  destructive 
to  the  parasites,  which  destroy  the  plant  in  the  alSsence  of  this  defense. 
I  am  not  certain  even  that  the  curculio  may  not  attack  certain  fruitf, 
the  plum  for  example,  in  consequence  of  deficiency  of  the  alkali  in  its 
juice. 

At  first  my  experiments  were  confined  to  the  peach  tree;  but  it  may  be 
remembered  that  I  said  in  my  communication  to  the  Society  that  the 
principle  was  applicable  as  well  to  other  fruit  trees,  especially  the  apple, 
which  often  refuses  to  bear,  apparently  capriciously,  but  probably 
from  the  same  deficiency  of  potash  in  the  soil. 

Last  year  I  had  the  opportunity  of  testing  the  correctness  of  this  sup- 
position. I  happened  to  have  two  apple  orchards;  one  of  them  old,  per- 
haps 60  years  or  more,  the  other  comparatively  young,  having  been 
planted,  15  or  30  years  since,  upon  a  piece  of  ground  which  had  previously 
been  the  site  of  an  apple  orchard  for  I  presume  nearly  a  century.  Both 
of  these  orchards  might  be  considered  as  nearly  or  quite  barren ;  the  old 
orchard  not  having  borne  fruit  of  any  account  for  5  or  6  years  ;  and  the 
young  one  having  never  borne  at  all. 

In  the  Autumn  of  1869,  I  tried  with  these  trees  the  same  experi- 
ments as  in  the  Autumn  before  I  had  tried  with  the  peach  trees.  The 
earth  was  dug  from  around  their  stems  to  the  depth  of  about  5  inches, 
and  the  excavation  filled,  in  each  case,  with  about  half  a  bushel  of  fresh 
ashes.  As  regards  the  old  orchard,  a  part  was  allowed  to  rem»\-i  without 
treatment,  so  as  to  secure  the  effect  of  contrast.  In  the  following  Spring 
and  Summer  (1870),  my  expectations  were  fully  realized.  Early  in  the  sea- 
son a  striking  difference  was  observed  between  the  trees  not  treated  with 
ashes  and  those  which  had  been  so  ti*eated.  A  dividingline  could  be  observed 
between  the  two  sections  of  the  orchard ;  the  trees  which  had  been  ashed 
being  forward  bobh  in  leaf  and  blossom,  while  the  others  had  made  little 
progress;  and  the  same  contrast  was  presented  in  the  fruit;  the  trees  le*t 
to  themselves  continuing  barren,  while  the  ashed  trees  were  loaded  with 
apples.  The  young  orchard,  which  had  never  borne  fruit  of  any  account, 
was  also  made  for  the  first  time  very  productive. 

A  similar  experiment  I  tried  on  several  fruit  trees  of  different  kinds  in 
my  garden  in  town.  Though  the  ashes  were  applied  in  Spring  instead  of 
of  Autumn,  the  trees  in  the  growing  "season  gave  evidence  of  a  similar 
result.  The  trees  were  richly  covered  with  blossoms,  which  were  just 
becoming  exchanged  for  young  fruit,  when  the  famous  hail  storm  which 
proved  so  destructive  in  this  city  last  Summer,  put  an  end  to  the  experi- 
ment by  stripping  the  trees  of  blossom  and  fruit,  and  to  a  great  extent 
even  of  their  leaves. 

Among  the  trees  was  a  very  old  Newtown  pippcn  tree,  probably  of  not 
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less  than  three-quarters  of  a  century,  which  had  for  years  ceased  to  bear, 
or  at  best  only  now  and  then  brought  forth  a  small  knotty  fruit  unfit 
for  use.  The  tree  had  been  dying  branch  by  branch  every  year,  until  re- 
duced almost  to  the  original  stem,  with  a  few  branches  above.  This  tree 
appeared  in  the  warm  season  to  have  renewed  its  youth.  It  was  richly 
loaded  with  flowers  and  fruit,  and  gavo  hopes  of  an  abundant  product  in 
the  Autumn.  It  suffered,  however,  like  the  others  from  the  storm  ;  very 
few  of  the  blossoms  or  young  fruit  remaining  still  attached.  One  of  these 
went  on  to  full  size ;  and  the  handsome  Newtown  pippen  which  I  now 
exhibit  to  the  members  as  the  sole  relict  of  the  storm,  shows  what  the 
proiiuct  might  have  been  had  not  the  hail  interfered. 

I  consider  that  the  efficiency  of  potassa  in  the  revival  of  fruit  trees  has 
been  satisfactorily  demonstrated  by  the  foregoing  experiments,  at  least  in 
relation  to  tlie  peach  and  apple  trees,  and  I  may  add  also  t^he  pear  and 
quince,  several  of  which  were  treated  in  the  same  way  and  with  similar 
results. 

As  to  the  securing  of  the  plum  and  other  fruits  against  the  curculio, 
I  think  it  highly  probable  that  this  also  may  be  done  by  ashes,  on  the 
principle  already  stated,  but  I  can  adduce  no  proof  of  the  fact ;  for,  in 
the  only  instance  in  which  ashes  were  applied  to  a  plum,  though  the  tree 
showed  its  efl*ects  by  a  copious  growth  of  leaves  and  flowers,  and  even  of 
young  fruit ;  yet  the  destruction  of  these  by  the  hail  storm  prevented  the 
completion  of  the  experiment ;  and  for  the  determination  of  this  point, 
which  is  an  important  one,  we  shall  have  to  wait  another  year. 

But,  important  as  I  consider  the  discovery  of  the  reviving  power  of 
potassa  in  the  case  of  failing  fruit  trees,  I  attach  much  greater  value 
to  its  influence  in  another  direction,  which  has  suggested  itself  in  the 
prosecution  of  the  foregoing  experiments.  It  is  an  unfortunate  fact, 
with  which  the  farmers  of  my  own  country  neighbourhood  are  unhap- 
pily but  too  familiar,  that  certain  cereal  crops,  especially  that  of  wheat, 
have  for  some  years  failed  to  be  remunerative.  Where  wheat  formerly 
yielded  20  bushels  or  more  to  the  acre,  it  can  now  seldom  be  made  to 
produce  more  than  12  or  15  bushels. 

In  examining  into  the  relative  proportion  of  potassa  contained  in  the 
ashes  of  different  plants,  I  was  surprised  to  find  that,  while  the  ashes  of 
the  common  flre  wood,  as  the  oak,  maple,  ifec,  contain  from  about  2  to 
4  parts  in  1000,  the  wheat  stalk  yields  47  parts.  Now,  while  this  fact 
shows  the  extraordinary  demand  of  growing  wheat  for  potassa,  it  sug- 
gests also  that  the  failure  of  this  crop  of  late  may  be  owing  to  the  same 
deficiency  of  the  salts  of  potassa  in  the  soil  which  has  caused  the  premature 
destruction  of  the  peach ;  and,  though  the  manure  employed  in  the  culti- 
vation of  wheat  contains  potassa,  yet  it  does  not  yield  as  much  of  this  al- 
kali as  the  plant  requires  for  its  greatest  productiveness;  few  of  the 
vegetables  that  unite  in  the  constitution  of  manure  containing  so  large  a 
proportion  as  wheat.  To  meet  this  demand  of  wheat,  I  propose  to  employ 
unleached  ashes  in  the  cultivation  of  this  cereal.  Leached  ashes,  though 
containing  but  a  small  proportion  of  potassa,  and  that  chiefly  in  the  form 
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of  insoluble  silicate,  have  nevertheless  been  found  one  of  the  best  fertilizers 
for  wheat ;  and  the  unleached,  if  properly  applied,  would  probably  pro- 
duce a  much  greater  effect.  This  is  as  yet  conjectural ;  but  I  have  in- 
stituted an  experiment  which  I  hope  may  determine  the  point. 

In  the  early  Autumn  I  Caused  an  acre  of  ground  to  be  prepared  for  a 
wheat  crop.  It  was  divided  into  three  parts,  one  of  which. was  to  be 
treated  with  fresh  ashes  exclusively,  another  with  ashes  and  swamp  muck, 
and  the  third  with  muck  alone.  The  part  treated  with  fi*esh  ashes  ex- 
clusively was  first  ploughed,  and  then  sown  with  wheat  and  ashes,  and 
finally  harrowed ;  the  ashes  being  applied  to  the  surface,  so  that  its 
potassa  when  dissolved  by  the  rain  should  be  in  immediate  contact 
with  the  germinating  seed ;  instead  of  being  ploughed  in,  as  ordinary 
leached  ashes  are.  The  second  part,  after  being  covered  with  the  muck, 
was  ploughed ;  and  the  wheat  and  ashes  were  applied  as  before.  The 
third  pai*t  was  simply  treated  with  muck,  then  ploughed  and  sown  with 
wheat. 

The  result  of  this  experiment  cannot  be  determined  until  the  time  of 
the  wheat  harvest  next  Summer ;  but,  thus  far,  it  is  decidedly  in  favor  of 
the  ashes ;  the  two-thirds  which  were  treated  with  this  material  being 
obviously  better  grown  than  the  part  treated  with  muck  alone.  A  glance 
of  the  eye  is  sufficient  to  show  a  decided  line  of  demarcation,  the  ashed 
part  being  greener  and  further  advanced  than  the  remainder. 

I  have  little  doubt  that  the  same  remarks  are  equally  applicable  to  the 
common  potato.  This  is  now  a  much  less  certain,  and  on  the  whole  much 
less  productive  crop  than  formerly.  I  find  that  the  potato  stalks  contain 
55  parts  of  potassa  in  1000  of  ashes ;  so  that  the  plant  requires  consider- 
ably more  potassa  than  wheat.  If,  therefore,  fresh  ashes  are  to  be  a  rem- 
edy for  the  failure  of  the  wheat  crop,  they  are  likely  to  be  even  more  so 
for  the  potato.  The  verification  of  this  supposition  experimentally  I  have 
reserved  for  the  next  year,  when,  if  living,  I  propose  to  try  an  experiment 
on  a  large  scale. 

An  objection  to  all  the  foregoing  facts,  in  a  practical  bearing,  is  the 
question  whence  the  ashes  are  to  be  obtained  for  candying  the  proposition 
into  effect  on  a  large  scale,  and  whether  enough  can  be  obtained  for  the 
purpose.  An  obvious  answer  to  this  objection  is  that,  should  ashes  fail 
in  any  neighbourhood,  recourse  can  be  had  to  the  crude  potash  of  the  shops 
derived  from  the  lixiviation  of  the  ashes  of  forests  cleared  in  the  course  of 
cultivation,  and,  when  these  forests  shall  have  all  been  destroyed,  we  may 
resort  to  the  minerals  containing  potassa,  as  to  the  felspar  in  granite 
rocks,  which  contains  a  large  proportion  of  that  alkali. 

But  for  a  long  time  yet  to  come,  and  indefinitely  as  regards  fniit  trees, 
ashes  can  be  obtained  from  the  resources  of  the  fann  itself.  If  all  the 
falling  leaves  of  the  woods  and  swamps,  all  the  dead  and  dying  branches 
or  stems  of  trees,  and  all  the  weeds,  trimmings  of  trees,  and  other  rub- 
bish of  a  farm  be  collected  and  burnt,  enough  ashes  could  probably  be 
obtained  annually,  for  an  indefinite  length  of  time,  to  keep  all  the  fruit 
trees  in  full  bearing. 


Digitized  by 


Google 


Stated  Meeting^  January  20,  1871. 

Present,  twelve  members. 

Geo.  B.  Wood,  President,  in  the  Chair. 

A  letter  was  received  from  the  Illinois  Industrial  Univer- 
sity at  Champaign,  dated  Jan.  12,  1871. 

Letters  of  envoy  were  received  from  the  R.  Saxon  Society, 
and  the  Society  of  Natural  Sciences  at  Chemnitz. 

Donations  for  the  Library  were  received  from  the  Royal 
Academies  and  Societies  at  Berlin,  Leipsig,  Munich.  Chem- 
nitz, Altenburg,  Quebec  and  Montreal;  the  London  Astro- 
nomical, Antiquarian  and  Meteorological  Societies;  the 
American  and  Medical  Journals,  Prof.  Greenough  of  Cam- 
bridge, Dr.  D.  D.  Slade  of  Chestnut  Hill,  Mass.,  Prof!  E.  B. 
Andrews  of  Columbus,  Ohio,  and  Gen.  Tyndale. 

The  death  of  Stephen  Colwell,  at  Philadelphia,  Jan'y  15th, 
aged  70  years,  was  announced  by  Prof.  Cresson ;  and  on  mo- 
tion, Mr.  Carey  was  appointed  to  prepare  an  obituary  notice 
of  the  deceased. 

The  death  of  Dr.  Edward  Rhoads,  at  Philadelphia,  Jan'y 
15th,  aged  29  years,  was  announced  by  Professor  Trego. 

Mr.  Lesley  was  elected  Librarian. 

The  Committee  to  which  was  referred  the  paper  of  Dr. 
Pepper,  on  a  case  of  universal  Hyperostosis,  reported  in  favor 
of  its  publication  in  the  Proceedings  of  the  Society,  accompa- 
nied with  figures  for  two  octavo  plates,  which,  on  motion  of 
Prof.  Cresson,  was  so  ordered. 

A  communication  entitled:  "Computation  of  the  effects  of 
gradients,  by  Herman  Haupt,"  was  read  by  the  Secretary. 
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Computation  of  Effect  of  GntoiENTs,  by  Herman  Haupt,   C.   E. 
(Read  before  the  American  Philosophical  Society,  Jan.  20,  1871.) 


When  the  maximum  load  of  the  same  engine  on  any  t^o  different  incli- 
nations has  been  determined  by  experiment,  the  data  thus  furnished  will 
suffice  to  calculate  the  load  on  any  other  inclination,  the  load  on  a  level, 
the  angle  of  friction  at  which  a  train  will  descend  by  gi-avity,  the  tractive 
I)Ower  per  ton  of  load  required  on  a  level,  and  the  number  of  pounds 
adhesion  for  each  ton  of  load. 

Let  R  «=  resistance  of  the  train  on  a  level,  which  is  equal  to  the  power 
of  the  engine. 

W  «-  gross  weight  of  train  on  a  level. 

W^  =-  Weight  of  train  on  grade  a. 

W^  =-  Weight  of  train  on  grade  b. 

It  is  proper  to  assume  that  the  power  required  to  move  a  train  and  the 
resistance,  which  is  equal  to  it,  will  be  in  proportion  to  the  gross  weight. 

The  force  of  gravity  on  any  inclination  is  in  proportion  to  the  height 
of  the  plane  divided  by  its  length,  or  as  the  rise  per  mile  divided  by  5380. 

The  resistance  of  the  train  W*  being  in  proportion  to  its  weight,  will 
be  expressed  by       W' 

and  the  resistance  of  W^  by        W^ 

W'a 
The  gravity  of  the  train  W*  on  the  grade  a  «=- 

and  of  the  train   W*  on  the  grade  b  = 

5280 

If  the  engine  is  supposed  to  be  loaded  to  the  limit  of  its  capacity  on 

each  gradient,  then  the  power  exerted  must  be  the  same  as  on  a  level  and 

"W  5280 

Wa  ^  W^b      „ 

— -K    +     -    —  -=  K     and  consequently 

W         "^     5280        W  "^     5280 


R=»W-^'^-^'* 


From  which  the  value  of  R  in  terms  of  W  W^  and  W*  is  found. 

^   W^b  —  W^a 

5280  (W»— W2; 

Wi  W^a 

Take  now  the  former  equation  R  — .  ^sf-R    +    ^n.r^A 

W  5380 

from  which  a  second  value  of  R  is  obtained  — i_  "_^_ 


5280  (W— Wi) 

a.  p.  S. — VOL  XII— B 
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Placing  these  two  values  of  R  equal  to  each  other, 
thei-e  results       W^a        W^b— Wa 

By  substituting  in  the  equation  the  values  of  W  W^  a  and  b,  as  deter, 
rained  by  observation,  the  values  of  W,  or  the  gross  load  on  a  level  can 
be  ascertained. 

By  substituting  the  values  of  W  W^  W*  a  and  b,  the  value  of  R  on  the 
power  exerted  by  the  engine  is  obtained. 

By  dividing  this  power  in  pounds  by  the  gross  load  on  a  level,  the  trac- 
tile power  per  ton  is  determined. 

As  the  power  of  an  engine  is  always  sufficient  to  slip  the  wheels  on  a 
dry  rail,  the  adhesion  is  equal  to  the  actual  power  exerted  in  moving  the 
train  and  divided  by  the  weight  on  drives,  gives  the  proportion  between 
adhesion  and  weight. 

The  angle  of  friction  can  be  found  when  the  tractive  power  per  ton  of 
of  2000  lbs.  on  a  level  (T)  has  been  determined,  by  the  equation. 

Angle  of  friction  expressed  in  feet  per  mile  -=  T  X  o280 

2000 

It  has  been  customary  for  engineers  to  consider  the  angle  of  friction  as 
16  to  18  feet  per  mile,  the  tractive  power  per  ton  on  a  level  8  pounds,  and 
the  adhesion  one-eighth  the  weight^upon  tlie  drives;  but  to  obtain  reliable 
data  from  the  actual  operation  of  roads  running  full  trains,  a  letter  was 
addressed  to  A.  J.  Cassatt,  Gen'l  Sup't  of  the  Penna.  R.  R.,  who  fur- 
nished the  following  data: 
A  standard  10  wheel  freight  engine  with  3  pairs  of  ^  feet  drivers  with 

average  water  and  coal,  weighs  75, 500  lbs. 

Weigh  t  on  drivers,  53, 000     '  * 

Weight  of  tender  with  coal  and  water,  50,000     ** 

Such  an  engine  will  haul  on  a  moderately  straight  and  level  road  50 

loaded  cars  of  40,000  lbs.  each.     Gross  load,  1062  tons. 

On  a  grade  of  10  feet  to  the  mile,  43  cars,  922       ** 

a        a  26     "         "  **    35     **  703       ** 

ic  u  52^8^  ti  a     17     a  402        " 

i<        t«  95     «        {(         u    11     {(  282       " 

And  the  engine  would  work  easier  with  50  cars  on  the  level  than  in  either 

of  the  other  cases  and  with  most  difficulty  in  the  last. 

Herman  J.  Lombaert,  Esq.,  Vice  President  and  former  General  Super- 
intendent of  Penna.  R.  R.,  gives  as  a  full  average  load  for  actual  work  in 
the  usual  conditions  of  the  rail. 

Tom, 
Load  on  52^"^  ft.  grade,  16  cars.     Gross  load  of  engine,  382 

({       {<   10       «<       «      40     «<  "  ««        *«  862 

As  it  is  proper  to  allow  a  margin  for  Hufavorable  condition  of  rails,  the 
calculations  will  be  made  on  the  data  furnished  by  H.  J.  Lombaert. 

Substituting  the  values  of  a  b  W'  W*,  which  are  10,  52,"^,  382  and  862, 
the  value  of  W,  or  the  gross  load  on  a  level  is  found  be  1210  tons. 
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The  v^lue  of  R  or  the  tractive  power  on  a  level,  is  11,160  lbs.,  or  9^^ 
lbs.  per  ton. 

The  angle  of  friction  is    ^'^  ^  ^^^^    _  24.28  feet  per  mile. 
2000 

The  adhesion  is  -  ' or  nearly  one-fifth  of  weight  on  drives. 

53,000  ^ 

From  the  data  thus  obtained  a  simple  formula  may  be  found  to  deter- 
mine the  load  of  the  engine  on  any  given  inclination,  a. 
Let  P  «=  tractile  power  of  engine  on  a  level  —  11,160  lbs. 
a  —  feet  per  mile  of  inclination. 

"Vyi  -=  weight  of  train  on  incline  a,  including  engine  and  tender. 
Then  W^  X  9.2  —  power  required  to  move  W  on  level. 

And  W*— —  »»  gravity  on  incline  a,  in  tons  or  W^     —    a,  in  pounds. 
5280        ^         ^  !  5280 

9.2  W^  +  ^^^  W^a  —  power  of  engine  —  11,160  lbs. 
5280  ^.  *"  ' 

OrW^--iy^. 
9.2+. 38a 

If  a  be  supposed  equal  to  48.56,  or  twice  the  angle  of  friction,  the  load 
would  be  404  tons  nearly,  or  one-third  the  load  on  a  level. 

On  a  grade  of  30  feet  the  load  would.be  541  tons.  The  grade  that  would 
require  double  the  power  of  a  grade  of  30  feet  would  be  84 J  feet. 

If  the  gross  load  of  a  train  on  a  grade  of  30  feet  be  541  tons,  the  engine 
and  tender  being  63  tons,  the  cars  and  contents  will  weigh  478  tons,  or  if 
18,000  lbs.  be  allowed  for  each  car  and  22,000  lbs.  for  load,  the  number  of 
cars  will  bo  27  and  the  net  load  297  tons,  weight  of  cars  243  tons. 

If  the  return  cars  shall  be  only  one-fourth  loaded,  which  is  probably  a 
full  proportion  for  the  Shenadoah  Valley  extension,  the  gross  weight  of 
the  trains  would  be  380  tons. 

The  inclination  that  would  employ  the  full  power  of  the  engine  in  haul- 
ing 380  tons,  would  be  53  feet. 

The  inclination  that  would  employ  the  full  power  of  an  assistant  engine 
in  hauling  a  gross  load  of  380  tons,  would  be  130  feet,  but  allowance  must 
be  made  for  the  weight  of  the  assistant  engine. 

The  following  description  of  Indian  sculpture  on  the  banks 
of  the  Monongahela  Eiver,  by  Jos.  D.  Eeid,  was  received 
through  Prof.  Cope,  accompanied  by  a  drawing  of  the  same. 

Sketch  and  Description  of  a  Carved  Rock  on  the  bank  of  the  Mo^ 
nongahela  River,  Pa.,  by  Joseph  D.  Reid. 

^  {Read  before  tM  American  Philosophical  Society,  Jan.  20,  1871.)* 

The  engraving  represents  the  face  of  a  large  rock  lying  on  the  east 
bluff  of  the  Monongahela  River,  in  i'ayette  County,  Pennsylvania,  oppo- 
site the  village  of  Hillsborough  and  the  mouth  of  Ten  Mile  Creek. 
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Originally  there  were  threo  rocks,  but  after  the  settlement  of  the  coun- 
try, two  of  them  were  broken  up  and  used  in  building  a  mill  dam.  At 
that  time  no  one  valued  or  took  any  interest  in  them,  so  no  record  was 
kept  other  than  the  fact  that  they  were  larger,  and  the  figures  more  nu- 
merous than  on  the  one  remaining.  This  is  in  its  original  position,  partly 
buried  in  the  earth  and  so  worn  by  the  elements  that  the  figures  have  be- 
come indistinct,  and  some  perhaps  entirely  obliterated. 

The  Indians  that  inhabited  this  part  of  the  country  at  the  time  of  its 
settlement  by  the  whites,  had  no  legend  connected  with  the  rock,  nor 
had  they  used  it  for  any  purpose.  The  river  bank  at  this  point  and  for 
a  mile  above  and  below  is  nearly  a  perpendicular  bluff,  three  hundred 
feet  high,  which  is  broken  by  a  single  ravine,  and  up  this  by  a  narrow 
winding  path,  apparently  made  by  the  same  people  that  carved  the  figures 
on  the  rock,  it  may  be  reached  directly  from  the  river.  A  carriage  road 
that  leaves  the  river  opposite  Fredericktown,  and  winds  around  behind 
the  bluff,  passes  within  a  few  hundred  yards  of  it. 

The  rock  is  sandstone,  of  the  same  formation  as  that  overlying  the  coal 
bed  below ;  the  surface  is  nearly  flat,  of  an  area  of  twenty  by  twenty-four 
feet,  with  a  depression  diagonally  across,  in  a  line  with  the  three  cups  or 
hollows,  the  largest  of  which  is  one  foot  in  diameter,  the  middle  one  six 
inches,  and  the  other  three  inches,  and  about  the  same  in  depth.  The  de- 
pression or  gutter  and  cups,  are  discolored,  apparently  by  the  blood  of 
the  victims  that  the  inhabitants  offered  as  sacrifices  to  their  deity. 

The  south  end  of  the  rock  is  three  feet  above  the  ground,  with  a  hog- 
like figure  carved  upon  it.  The  foot  and  hand  prints  are  deeper  and 
more  perfect  than  the  other  figures,  and  in  no  way  can  I  better  describe 
them  than  they  present  the  appearance  of  having  been  made  by  pressing 
the  naked  feet  and  hands  upon  soft  clay,  so  perfect  are  some  of  the  im- 
pressions. This  is  particularly  the  case  with  one  foot^print,  with  a  large 
toe  on  each  side  of  the  foot,  and  a  hand-print  with  a  thumb  on  both  sides. 

The  largest  impressions  of  feet  measure  fourteen  inches  in  length, 
eight  inches  across  the  toes,  and  four  inches  across  the  heel,  the  other 
foot-prints  vary  in  size  from  that  of  a  full  grown  man  to  a  child  five  years 
of  age;  the  foot-prints  of  squirrels  are  numerous  and  cross  the  rock  in 
every  direction,  not  all  that  were  on  the  rock  being  represented  in  the  en- 
graving. A  single  track  of  an  animal  with  claws,  and  one  intended  to  re- 
present a  buffalo  track,  but  too  small  and  no  division  of  hoof,  are  also  on 
the  rock.  The  bii-d  tracks  are  quite  distinct  and  six  inches  in  length;  the 
three  links  have  apparently  been  made  recently.  The  other  figures  are 
outlines,  and  whether  made  as  a  pastime  by  some  Indian  artist  or  as  the 
hieroglyphic  history  of  an  Indian  race,  I  leave  otiiers  to  determine. 

Two  miles  down  the  river  from  the  rock  is  the  site  of  an  old  Indian 
town  and  grave-yard,  which  covers  an  area  of  fifteen  or  twenty  acres. 
There  may  be  found  pieces  of  sun  dried  pottery  made  of  clay  and  miliute 
fragments  of  muscle  shells,  pipes  of  the  same  material,  and  some  of  soap 
stone,  axes  of  red  ?jasper  as  hard  as  steel,  arrow  heads  of  flint,  and  circu- 
lar flat  sandstones,  two  of  six  inches  in  diameter  and  from  one-fourth  of 
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an  inch  to  one  inch  in  thickness,  some  of  them  with  a  hole  in  the  centre 
and  with  a  worn  appearance  of  the  edge. 

The  graves  are  covered  with  flat  stones  taken  from  the  cliff  ahove  the 
town;  they  were  placed  about  two  feet  below  the  surface,  and  being  out 
of  reach  of  the  plow,  the  graves  are  seldom  disturbed;  one  opened  a  few 
years  since,  exposed  the  skeleton  of  a  female  in  a  sitting  position  with  a 
child  in  her  arms,  the  skull  of  the  child  stuck  to  the  stone,  and  when  ex- 
posed to  the  air  for  a  few  minutes  a  slight  puflf  of  wind  carried  it  away 
in  a  little  cloud  of  dust.  The  skeletons  are  found  in  a  sitting  position 
facing  the  east  and  after  being  exposed  a  short  time  fall  to  dust.  Noth- 
ing besides  pieces  of  charcoal  have  been  found  in  the  graves  with  the 
bones.     (See  Plate  I.) 

The  following  members  were  nominated  and  elected  to 
serve  on  the  Standing  Committees  for  the  year : — 

Finance, — Mr.  Fraley,  Mr.  E.  K.  Price,  Mr.  Marsh. 

Publication. — Prof.  Trego,  Mr.  E.  K.  Price,  Dr.  Carson, 
Mr.  Fraley,  Mr.  W.  M.  Tilghman. 

Hall— Gen.  Tyndale,  Mr.  E.  Hopper,  Mr.  S.  W.  Roberts. 

Library. — Dr.  Bell,  Dr.  Coates,  Mr.  E.  K.  Price,  Dr.  Carson, 
Dr.  Krauth. 

On  motion  of  the  Secretary,  the  reading  of  the  list  of  mem- 
bers was  postponed  to  the  next  stated  meeting. 

Pending  nominations  Nos.  661  to  668,  and  new  nominations 
Nos.  669,  670,  were  read. 

Balloting  then  proceeded ;  and  there  being  no  other  busi- 
ness, the  ballot-boxes  were  examined  by  the  presiding  offi- 
cers, who  declared  the  following  named  persons  duly  elected 
members  of  the  Society  : 

M.  Es:iuirox  de  Parieu,  of  France. 

Mr.  W.  T.  Roepper,  of  Bethlehem. 

]{ev  W.  C.  Cattell,  of  Easton,  Pa.,  Pres.  Lafayette  Coll. 

Mr.  H.  M.  Phillips,  of  Philadelphia. 

Mr.  Thos.  Meehan,  of  Germantown. 

Gen.  George  G.  Meade,  of  Philadelphia,  U.  S.  A. 

Lieut.  C.  E.  Dutton,  of  Frankford,  Pa. 

ilr.  Ed.  Goodfellow,  of  Philadelphia,  U.  S.  Coast  Survey. 

And  the  Society  was  adjourned. 
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Stated  Meeting^  February  3,  1871. 

Present,  twelve  members. 

Mb.  Fealey,  Vice  President,  in  the  Chair. 

Mr.  Goodfellow,  a  newly  elected  member,  was  presented  to 
the  presiding  officer,  and  took  his  seat. 

Letters  accepting  membership  were  received  from  Mr.  W. 
Thos.  Eoepper,  dated  Bethlehem,  Jan.  30 ;  from  C.  E.  But- 
ton, Lieut,  of  Ordnance  U.  S.  A.,  Prankford  Arsenal,  Jan.  30  ; 
from  Thos.  Meehan,  dated  Germantown,  Jan.  26 ;  from  W.  C. 
Cattell,  dated  Lafayette  College,  Easton,  Pa.,  Jan'y  23 ;  from 
Edward  Goodfellow,  dated  927  Clinton  Street,  Phila.,  Jan'y 
23  ;  and  from  Geo.  G.  Meade,  Maj.  Gen.  U.  S.  A.,  dated  Phila., 
Jan'y  30,  1871. 

A  letter  was  received  from  Wm.  Lowber,  M.  D.,  dated  319 
S.  16th  Street,  Phila.,  Jan'y  8,  1871,  offering  for  the  accept- 
ance of  the  Society  the  glass  cylinder  of  the  electrical  machine 
belonging  to  his  great-grandfather,  David  Eittenhouse,  an 
early  President  of  the  Society.  On  motion,  the  ofier  was  ac- 
cepted, and  the  Curators  were  desired  to  return  to  Dr.  Lowber 
the  thanks  of  the  Society. 

A  letter  was  received  from  Wm.  Hitchman,  M.  D.,  dated 
29  Erskine  Street,  Liverpool,  Eng.,  January,  respecting  the 
organization  ot  a  Liverpool  Anthropological  Society. 

Donations  for  the  Library  were  received  from  the  Italian 
Committee  of  Geology,  the  Academia  dei  Lincei  at  Rome,  the 
Berlin  Academy,  the  London  Astronomical  Society,  the  Essex 
Institute,  the  Boston  Natural  History  Society,  the  American 
Journal  of  Science,  the  Franklin  Institute,  Penn  Monthly, 
Pennsylvania  Institution  for  the  Blind,  American  Journal  of 
Pharmacy,  and  London  Nature. 
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The  death  of  George  Ticknor,  of  Boston,  a  member  of  the 
Society,  Jan.  26th,  aged  80  years,  was  announced  by  the  Se- 
cretary. 

On  motion.  Dr.  H.  Hartsborne  was  appointed  to  prepare  an 
obituary  notice  of  the  late  Dr.  Eboads. 

On  motion,  Prof.  Kendall  was  appointed  to  prepare  an  obit- 
uary notice  of  the  late  Prof.  Chauvenet. 

Mr.  Cope  reported  tbat  Mr.  McNeil  was  prosecuting  his  re- 
searches in  Panama,  and  had  sent  home  fossils,  showing 
among  other  things,  that  the  back  bone  or  water  shed  of  the 
Isthmus  was  an  ancient  coral  reef,  many  of  the  corals  being 
in  an  excellently  well  preserved  condition. 

THE  PORT  KENNEDY  BONE  CAVERN. 

Prof.  Cope  announced  the  discovery  of  a  bone  cave  by  Mr.  Charles  M. 
Wheatley,  in  the  Calciferous  limestone,  at  a  point  about  25  miles  N.  W. 
of  Philadelphia. 

There  had  been  obtained  numerous  remains  of  plants,  and  insects,  with 
about  thirty  species  of  vertebrata. 

These  consisted  of  Reptiles,  Birds  and  Mammals.  The  first  were  ser- 
pents, and  tortoises  of  severil  species,  mostly  harmless.  The  birds  in- 
cluded a  turkey  and  snipe.  The  mammalian  remains  were  most  numer- 
ous, embracing  various  forms. 

There  were  Bodentia,  of  American  types,  as  Hesp^romys,  FibeVy  etc. ; 
also  Sciurus,  LepuSy  etc. 

There  were  Ruminants,  several  tapirs,  and  a  small  horse.  Two  cami- 
voxes  of  large  size,  one  a  cat,  the  other  a  bear,  Ursus  prisHnus  of  Leidy, 
of  a  remarkable  type,  and  entirely  distinct  from  the  cave  bear,  or  living 
species  of  Europe  and  America.  Remains  of  several  Sloths  were  discov- 
ered, which  were  mostly  of  gigantic  size.  Tliese  were  referable  to  at 
least  three  species,  one  Megalonyx  wheatleyi  was  new,  and  two  Mylodons, 
one  of  them  probably  also  new  to  science.  With  them  occurred  the  teeth 
and  tusks  of  the  Trilophodon  ohioticus  (Mastodon).  This  animal  had  pro- 
bably fallen  in,  as  the  cave  was  rather  a  fissure  at  the  point  examined. 

The  bones  were  not  gnawed.  The  fissure  was  40  feet  deep,  15  feet  in 
width,  and  of  unknown  length.  Above  the  cave  deposit,  it  was  filled 
with  wash  from  neighboring  hills  of  Triassic  age. 
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Mr.  Lesley  desired  to  place  on  recoi-d  the  recent  exposure  of  a  bed  of 
solid  brown  hematite  iron  ore,  at  the  upper  limit  of  No.  II,  Lower  Silu- 
rian Limestone  Formation,  in  Leathercracker  Cove,  Morrison's  Cove, 
Middle  Pennsylvania,  of  very  unusual  size.  The  bed  is  nearly  vertical 
and  72  feet  thick,  where  cut  across  by  a  water  drift.  No  such  deposit 
has  been  before  discovered  at  this  horizon,  in  a  situation  favorable  for 
exact  measurement. 

Pending  nominations  669,  670  were  read,  and  the  reading 
of  the  list  of  members  was  postponed,  and  the  Society  was 
adjourned. 


Stated  Meeting^  February  17,  1871. 

Present,  ten  members. 

Mr.  Fraley,  Vice  President,  in  the  Chair. 

Mr.  Carey  accepted  by  letter,  the  appointment  to  prepare 
an  obituary  notice  of  Mr.  Colwell. 

Letters  of  acknowledgment  were  received  from  the  New 
York,  New  Jersey,  and  Georgia  Historical  Societies  (85); 
Cincinnati  Observatory  (85);  Smithsonian  Institution  (84  and 
XIV.  2),  and  Reichenbach  N.  H.  Society  (78,  79,  80). 

Donations  for  the  Library  were  received  from  the  Royal 
Academy  and  Observatory  at  Turin,  Levant  Herald  at  Con- 
stantinople, London  Nature,  Philadelphia  Journal  of  Phar- 
macy, Medical  News,  McCalla  &  Stavely,  the  Librarian  of 
Congress,  and  the  Wisconsin  State  Historical  Society. 

No.  85  of  the  Proceedings,  just  published,  was  laid  on  the 
table. 

The  death  of  John  F.  James,  a  member  of  the  Society,  at 
Philadelphia,  Feb'y  5,  was  announced  by  the  Secretary. 

Mr.  Lesley  asked  for  information  respecting  the  alleged  dis- 
covery of  a  hewn  cave  and  crypt  with  hieroglyphics,  skele- 
tons, vases,  &c.,  lately  made  by  a  railroad  engineering  party 
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in  Iowa :  and  connected  it  with  Baron  Burck's  account  of  the 
traditions  he  found  among  the  Aztecs,  of  the  migration  of 
that  race  or  tribe  from  the  Northeast  or  Upper  Mississippi 
and  Missouri  country. 

Mr.  Coxe  described  a  locality  at  Baker's  Eun,  on  the  West 
Branch  of  the  Susquehanna,  where  the  great  freshets  of  1863 
uncovered  ancient  hearths  and  numerous  large  vases,  all  of 
which  were  soon  broken  and  scattered  by  the  curious. 

The  minutes  of  the  last  meeting  of  the  Board  of  officers 
were  read. 

Dr.  Emerson  introduced  the  subject  of  Lunar  Influence,  or 
supposed  influence,  upon  the  conditions  of  wet  or  dry  weather. 

On  Lunar  Influence  upon,  the   Conditions  of.  Wet  or  Dry    Weather^ 
by  Dr.  Emerson. 

{Read  before  the  American  Philoiophical  Society,  February  17,  1871.) 

Tkat  the  moon  exerts  such  an  influence,  he  said,  is  a  very  old  opinion, 
widely  spread  at  the  present  day,  and  even  maintained  by  many  distin- 
guished philosophers.  A  great  deal  of  attention  has  been  devoted  to 
tabulating  atmospheric  observations  in  relation  to  the  conditions  of  the 
weather  at  the  quarterly  changes  of  the  moon.  The  results  of  such  labo- 
rious investigations  have,  however,  not  been  found  to  agree,  some  reports 
seeming  to  favor  the  existence  of  lunar  influence  in  producing  wet  and 
dry  weather,  and  others,  to  show  that  no  such  influences  are  exerted  by 
the  moon  upon  the  hygrometric  conditions  of  our  atmosphere.  Among 
the  many  who  have  engaged  in  investigating  this  subject  I  will  only  re- 
fer to  the  celebrated  Italian  philosopher  Toaldo,  whose  observations  were 
extended  through  a  period  of  forty-five  years,  and  to  Pilgram,  whose  ob- 
servations were  extended  through  a  period  of  fifty-two  years.  For  some 
reason  which  I  shall  not  attempt  to  explain  or  examine,  the  conclusions 
of  these  indefatigable  observers  and  inquirers  were  tlie  very  opposite  of 
eoich  other. 

The  circumstance  which  has  perhaps  contributed  most  to  strengthen 
the  belief  in  lunar  influence  upon  the  weather,  is  the  well  known  agency 
exerted  by  the  satelite  upon  the  ocean  and  atmosphere,  in  the  production 
of  tides  and  barometrical  fluctuations.  Both  of  these  phenomena  are  at- 
tributable to  the  force  oi  gravitation,  acting  between  the  earth  and  moon, 
and  giving  rise  to  ocean  and  atmospheric  waves. 

The  atmosphere  surrounding  our  earth  consists  :  first,  of  a  mixture  of 
permanently  elastic  gases ;  and  secondly,  of  a  changeable  atmosphere  of 
watery  vapor,  depending  for  its  suspension  entirely  upon  heat.     This 
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theory  of  an  indei)endent  atmosphere  of  vapor  owing  its  suspension  to 
heat  alone;  was  established  by  Dalton,  and  is  as  incontestible  as  the 
theory  of  gravitation  established  by  Newton. 

When  watery  vapor  suspended  in  the  air  loses  the  amount  of  heat  ne- 
cessary for  its  suspension,  or,  in  other  words,  when  the  temperature  is 
reduced  to  the  ** Dew-point,"  vapor  is  immediately  condensed  into  mist, 
dew,  clouds  and  rain.  Now  there  is  good  reason  to  believe  that  the  moon- 
exerts  no  appreciable  influence,  directly  or  indirectly,  upon  the  tempera- 
ture of  our  atmosphere. 

Some  who  have  attempted  to  investigate  this  point  by  using  reflectors 
and  very  delicate  thermometers,  have  been  led  to  the  absurd  conclusion 
that  the  moon's  rays  emitted  cold.  The  marked  depression  observed  in, 
the  thermometers  exposed  to  the  lunar  rays,  was  in  no  wise  produced  by 
these,  but  by  radiation  of  heat  from  the  instruments  into  a  clear  sky. 

In  many  parts  of  the  surface  of  our  globe,  extensive  regions  exist  in 
which  it  seldom  or  never  rains,  as  in  Lower  Egypt.  But  in  such  places 
the  atmosphere  is  very  dry,  and  no  local  causes  exist,  such  as  mountains 
or  hills,  to  interfere  with  the  regular  currents  of  the  atmosphere  and 
favor  the  mixture  of  strata  of  different  temperatures.  Consequently, 
rain  rarely  falls. 

In  other  regions,  in  the  Tropics,  for  example,  there  are  extensive  spaces 
in  mid-ocean  embracing  many  thousands  of  square  miles,  where  the  tem- 
peratures of  the  sea  and  atmosphere  remain  constantly  within  one  or  two- 
degrees  of  each  other,  with  the  atmosphere  of  vapor  close  upon  the 
**  Dew-point."  Here,  if  anywhere,  the  moon  might  be  expected  to  pro- 
duce changes  in  the  hygrometric  conditions  of  the  atmosphere.  But  for 
months  continued,  there  is  no  rain  or  other  proof  of  lunar  influence  upon 
the  weather.  It  is  only  in  the  extra-tropical  latitudes  where  many  other 
active  agencies  exist  to  disturb  the  equilibrium  of  atmospheric  tempera- 
ture, that  the  advocates  of  lunar  influence  assume  to  find  evidence  in  fa- 
vor of  their  views. 

The  power  exercised  by  the  moon  upon  bodies  of  water  and  permanent 
elastic  gases  on  the  surface  of  our  planet,  is  solely  derived  from  the  law 
of  gravitation,  which  exercises  no  influence,  direct  or  indirect,  in  suspend- 
ing or  condensing  vapor,  or  controlling  the  conditions  of  weather  as  to 
wet  or  dry.  These  conditions  are  brought  about  solely  through  changes 
of  temperature,  during  the  operations  of  which  the  moon  remains  a  silent 
spectator,  taking  no  active  part,  so  far  as  the  condensation  of  vapor  is 
concerned. 

Pending  nominations  669,  670  were  read. 

On  motion  of  Mr.  Winsor,  the  Library  Committee  were  in- 
structed to  report  upon  the  subject  of  completing  and  pub- 
lishing the  Catalogue  of  the  Society's  books  and  pamphlets. 

And  the  meeting  was  adjourned. 
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A  CASE 
OF  UNIVERSAL  HYPEROSTOSIS,  ASSOCIATED   WITH  OSTEO- 
POROSIS, WITH  A  DESCRIPTION   OF   THE    SPECIMENS,    by 
J.  EwiNG  Mears,  M.  D.,  W.  W.  Keen,  M.  D.,  Harrison  Allen, 
M.  D.,  and  William  Pepper,  M.  D. 

{Bead  before  the  American  Philosophieal  Society,  Dec.  2,  1870.) 

The  undersigned,  to  whom  were  referred  the  above  specimens,  presented 
by  a  friend  to  Dr.  J.  Ewing  Mears,  have  carefully  examined  them,  and 
have  prepared  the  following  Report  :— 

In  the  investigation  of  the  subject,  we  have  prepared  as  full  a  history 
of  the  case  as  could  be  obtained,  a  detailed  account  of  the  general  ana- 
tomical characters  of  the  disease,  and  of  the  peculiarities  of  each  individ- 
ual bone,  as  well  as  of  the  microscopic  appearances,  have  consulted  the 
works  and  periodicals  in  various  languages  accessible  in  this  city,  and 
have  examined  all  the  specimens  contained  in  the  Museums  of  the  Col- 
lege of  Physicians,  Academy  of  Natural  Sciences,  University  of  Pennsyl- 
vania, Jefferson  Medical  College,  and  also  the  hospital  and  private  collec- 
tions in  the  city. 

We  have  nowhere  found  specimens  of  this  disease,  or  descriptions  of 
such,  at  all  equalling  in  extent  and  severity  these  here  described. 

The  only  similar  case,  though  far  less  in  degree  and  extent  (skeleton 
imperfect),  is  found  in  Virchow's  Archives,  Vol.  43,  1868,  p.  470,  plate 
No.  12,  although  we  have  met  with  specimens  and  descriptions  of  skulls 
and  bones  which  afford  evidences  of  a  limited  development  of  the  same 
disease. 

Of  the  pathology  of  the  disease,  as  well  as  of  the  anatomical  appear- 
ances (116),  we  have  found  the  best  descriptions  in  Lobstein,  Traite 
d'anatomie  pathologique,  Tom.  II,  p.  116 ;  Boyer,  Sur  les  Maladies, 
Chirurgicales,  Tom.  Ill,  p.  571  ;  Paget,  Burg.  Path.  Eng.  Ed.,  pp.  301-2, 
and  fig.  40  ;  Stanley  on  the  Bones ;  S.  Solly,  Med.-Chir.  Trans.,  Vol.  27  ; 
Forster  Handbuch  der  Path.  Anat.,  Bd.  I,  S.  249-52,  and  Bd.  II,  S. 
850-4 ;  R.  Volkmann,  in  Pitha  und  Billroth's  Handb.  der  Chirurgie,  Bd. 
II,  S.  249-58;  Oeffinger,  Virchow's  Archiv,  Bd.  43,  S.  470;  Haubner, 
Canstatt's  Jahresbericht,  1854,  Bd.  27,  S.  23-4 ;  Virchow,  Die  Krankhaf- 
ten  Geschwiilste,  Bd.  II,  Vorlesung  XVII. 

HISTORY  OF  THE  CASE. 

Fully  recognizing  the  importance  the  history  of  the  case  has  in  the  dis- 
cussion of  the  Etiology  and  Pathology  of  the  disease,  we  regret  our  inabil- 
ity to  add  any  information  to  the  statement  given  at  the  time  of  the 
presentation  of  the  specimens,  which  is  as  follows : — 

A.  M.  aet,  14,  native  of  England — occupation  farm  boy — came  from 
England  to  this  country  when  very  young — father  died  in  November, 
1862,  of  Phthisis,  aged  57 — ^mother  died  in  1867,  cause  of  death  not  as- 
certained— ^has  one  brother  and  one  sister,  both  young  and  healthy.  In 
September,  1866,  while  engaged  at  work  on  the  farm,  noticed  swelling 
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beginning  in  the  face,  and  also,  that  in  stooping,  face  felt  puckered  and 
wrinkled,  while  the  eflfort  to  regain  the  erect  position  gave  intense  pain 
along  the  entire  spinal  column.  Subsequently  the  fore-arms  became  sore 
and  swollen,  was  placed  under  treatment,  which  was  of  such  decided 
benefit  that  he  thought  himself  entirely  well,  and  in  March,  1867,  re- 
sumed his  farm  duties  ;  about  two  months  later  the  symptoms  returned 
in  an  aggravated  degree,  the  feet  and  then,  in  succession,  the  legs  and 
thighs  becoming  enlarged  and  very  painful ;  under  the  influence  of  con- 
stant bandaging  the  swelling  diminished ;  his  appetite  became  impaired, 
and  he  died  from  exhaustion  Feb'y  8th,  1868.  The  treatment  adopted 
was  mostly  of  a  tonic  character. 

DESCRIPTION  OF  THE  SPECIMEN 
(See  Plates  I.  and  II.) 

I.    WHAT  BONES  ARE  WANTING. 

We  have  the  entire  skeleton  except  the  following  bones  : 
Vertebrae — 5th  and  7th  cervical. 
1st  and  10th  dorsal. 
2d  lumbar. 
2d  and  4th  sacral, 
all  the  coccygeal. 
Sternum,  gladiolus  and  ensiform. 

Ilyoid  bone.  ' 

Right  Patella. 

Hands,  all  wanting  save  the  right  scaphoid.  ' 

Feet,  all  wanting  save  left  calcis. 
Five  metacarpal  and  metatarsal  bones  and  eight  phalanges  are  pre-  | 

served,  but,  except  the  two  metatarsals  of  the  great  toe,  they  can  scarcely  | 

be  designated,  they  are  so  greatly  deformed. 

II.    THEIR  CONDITION. 

Unfortunately,  by  the  prolonged  boiling  to  which  they  were  sub- 
jected before  coming  into  our  possession,  the  bones  have  lost  proba- 
bly all  their  animal  matter,  and  are  now  almost  as  friable  as  if  they  had 
been  burned.  By  removing  the  marrow,  also,  this  has  rendered  the 
pathology  of  the  disease  much  less  clear  and  the  microscopic  examin- 
ation much  less  valuable  than  it  would  otherwise  have  been.  Moreover, 
it  has  removed  probably  all  the  gelatine,  so  that  the  chemical  examina-  • 
tion  and  the  specific  gravity  would  be  worthless.  Even  the  weights  are, 
by  reason  of  this  misfortune,  only  of  slight  value.  All  the  epiphyses  too, 
except  the  coracoid  process  of  the  scapula,  are  separated  from  the  shafts  or 
bodies,  and  in  some  bones  even  integral  parts  are  separated,  e.  g,  the  sa- 
crum is  divided  into  its  component  vertebrae  and  the  innominate  bone 
into  two  pieces.  Many  of  the  epiphyses  are  preserved,  as  will  be  indi- 
cated in  describing  each  bone.  The  epiphyses  have  attached  to  them  in 
many  places  the  dried  gelatinous  articular  cartilages  of  a  transparent 
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brown  color,  and  when  an  epiphysis  has  been  incompletely  ossified,  the 
cartilaginous  portion  presents  itself  as  a  similar  dried  gelatinous  mass. 
The  ends  of  the  shafts  of  the  long  bones  are  very  ragged  also,  the  can- 
cellated substance  being  exposed  and  more  or  less  broken. 

III.    WEIGHTS  AKD   MEASUREMENTS. 

In  order  to  have  some  relative  standard  of  weight,  we  have  also 
weighed  the  bones  of  a  girl  of  about  seventeen.  But,  it  must  be 
observed,  that  all  these  but  the  scapula  (which  wanted  the  acromion  epi- 
physis) were  weighed  with  all  the  epiphyses.  These  healthy  bones 
were  rather  slender,  but  were  also  longer  than  the  diseased  bones  (the 
diseased  and  healthy  femurs  being  14 J  and  16  inches  riespectively,  ex- 
cluding the  lower  epiphyses). 

'Diseased  Bones.  Healthy  Bones. 

Femur  (without  lower  epiphysis)  8  oz.  Do  (witli  all  epiphyses)  8  oz.  3A  drms. 

Tibia    (     **  ''         ''        )  5J  **  Do  *'  *'  5  **  1^      *- 

Humerus  (with  all  epiphyses)      3 J  **  Do  '*  "  8  **  3^      ** 

Radius  (without  epiphyses)         1^,  **  Do  '*  •'  (J        *' 

Ulna  (without  lower  epiphysis)  2    '*  Do  *'  "  ^>i      " 

Clavicle  (    **    inner  **        )    ^  '* 

Scapula  (    "    all  epiphyses 

except  coracoid)  1    *' 

Fibula  (without  both  epiphyses)  1^  **  Do  *'  '*  7J      *' 

The  following  are  the  measurements  in  circumference  of  the  bones,  the 
same  healthy  skeleton  as  before  being  used  for  comparison. 


Diseased  Bones. 

ireaUhy  Bones, 

Femur  (middle  \ 

5    in. 

3iin. 

Tibia 

4j   . 

3]    •• 

(at  tubercle). 

5fi  - 

42    .. 

Humerus  (middle). 

H  '' 

2     '• 

(above  condyles). 

T)     " 

'ii   •' 

Radius  (middle), 

31   - 

1|   '• 

(lower  fourth;, 

H  - 

n  " 

Ulna        (     **     and  middle). 

:h  *' 

H  " 

(just  below  corocoid). 

4i  " 

15  '• 

Fibula  (lower  fourth), 

U  '* 

1;;-    '• 

Clavicle  (acromial  extremity). 

^,  . 

2-'    •• 

The  following  are  the  diameters.  In  general  the  original  limits  of  the 
bone  were  pretty  easily  distinguished.  The  extenial  line  of  demarcation 
in  the  femur  and  the  posterior  in  the  tibia  are  so  indistinct  that  the  diam- 
eters of  the  original  bones  are  not  wholly  reliable.  All  the  diameters  are 
derived  from  longitudinal  sections  by  a  circular  saw,  and  they  are  all  at 
the  middle  unless  otherwise  stated. 
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Original  Bone. 

Diseased  Bone. 

Addition 

by  Disease. 

Femur, 

1    in. 

liin. 

i  in. 

Tibia, 

1     *• 

1t\  " 

Humerus, 

4 

n" 

1" 

Radius  (middle). 

A" 

ItV  " 

«" 

(upper  tliird), 

i" 

i" 

i" 

(lower  third ), 

4 

H" 

i' 

Ulna  (middle). 

TV  " 

1   " 

(at  coronoid). 

S" 

U" 

8" 

(lower  third), 

t" 

1   " 

r' 

Metacarpal  (great  toe), 

i" 

H" 

A" 

Phalanx 

7     (< 
1  >\ 

ii" 

i" 

Clavicle, 

i" 

4 

t" 

Fibula  (upper  &  lower  thirds) 

1  0 

4" 

Ilium  (  1  in.  above  acetabu- 

lum), 

1  7, 

r' 

5      <( 

IV.  General  Description. 

The  bones  which  have  suffered  the  most  are  the  clavicle,  humerus,  ra- 
dius, ulna,  femur,  tibia,  fibula,  metacarpals,  or-tarsals  and  phalanges  of 
both  hand  and  foot.  T^hese  are  diseased  in  almost  the  entire  length  of 
their  shafts.  The  radius  and  ulna  have  suffered  rather  more  than  any  of 
the  other  bones  just  named.  All  the  other  bones  of  the  trunk  have  suf- 
fered to  some  extent,  those  of  the  skull  but  very  little  or  not  at  all. 

Comparing  the  upper  and  the  lower  extremities,  there  is  no  appreciable 
difference  in  the  violence  of  the  disease. 

Comparing  the  two  sides  externally,  not  only  is  there  no  difference  in 
the  extent  and  character  of  the  disease,  but  there  is  the  most  remarkable 
symmetry  of  the  corresponding,  diseased  bones,  which  may  be  traced  even 
to  details.  (Figs.  9  and  10.)  The  disease  begins  and  ends  on  both  sides 
at  corresponding  points,  it  changes  in  character  from  simple  porosity 
to  the  growth  of  osteophytes  at  corresponding  points ;  if  on  one  side 
the  posterior  part  of  the  bone  is  most  diseased,  the  same  is  true  of 
the  other  side ;  if  the  osteophyte  growth  is  continuous  or  interrupted 
on  one  bone  (fibula  Fig.  18)  it  is  so  on  the  opposite  one;  if  one  is 
unusually  diseased  at  a  tendinous  or  aponeurotic  insertion,  so  is  its 
mate  ;  if  a  groove  or  a  variation  in  color  exist  on  the  one  side,  the  same 
will  be  found  on  the  other  side  ;  even  of  single  marked  spiculae  of  bone 
the  same  may  be  said  ;  so  that  a  description  of  one  side  will  answer  for 
both,  minute  differences  being  noted  as  they  occur. 

The  main  violence  of  the  disease  is  expended  on  the  shafts  of  the  long 
bones.  The  epiphyses,  of  which  the  most  important  remain,  e,  g.  those 
of  the  femur,  tibia,  humerus,  &c. ,  show  we  may  almost  say  no  disease.  The 
lower  epiphysis  of  the  femur  is  slightly  porous  in  the  usually  compact 
layer  of  the  articular  surface,  but  so  fine  is  the  porosity  and  so  slight  the 
disease  that  it  would  not  be  observe.l  save  on  a  most  careful  examination. 
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The  other  epiphyses  show  occasionally  still  slighter  disease.  Indeed  it  is 
a  question  whether  this  be  not  the  result  of  the  prolonged  boiling.  The 
bones  of  the  trunk  are  but  little  afifected  except  the  sternum,  which  must 
have  suffered  severely,  the  manubrium  being  very  porous  and  much 
thickened.     The  bones  of  the  head  are  scarcely  at  all  affected. 

The  point  of  greatest  development  of  the  disease  varies  with  its  char- 
acter. 1^.  The  thickening  is  most  developed  in  the  middle  of  the  shafts, 
and  hei*e  generally  the  sclerosis  is  furthest  advanced.  (Figs.  3,  4,  5,  21.) 
"20.  The  porosity  is  not  noticeably  greater  in  any  particular  parts  of  the 
shafts,  but  seems  externally  to  be  equally  diffused.  30.  The  osteophytes 
follow  a  marked  law  in  their  development.  They  are  most  developed 
whero  the  muscles,  aponeuroses,  fasciae,  &c.,  are  attached,  e,  g.  the 
linea  aspera,  interosseus  ridges  of  the  tibia  and  fibula,  radius  and  ulna, 
the  insertion  of  the  deltoid,  biceps  and  brachialis  anticus,  the  condyloid 
ridges  of  the  humerus.  But  it  is  not  always  true  conversely,  that 
where  a  large  muscle  is  attached  there  must  be  a  large  osteophyte 
growth,  e.  g,  there  are  none  at  the  origins  of  the  pectoralis  major 
and  sterno-mastoid,  the  supra-  and  infra-spinatus,  the  insertion  of  the 
quadratus  femoris,  &c.  ^One  class  of  exceptions  is,  however,  to  be 
noted,  viz  :  that  at  the  attachment  of  those  muscles  and  ligaments  that 
are  connected  to  epiphyses,  there  is  generally  no  disease,  e,  g.  the  muscu- 
lar attachments  to  the  greater  and  lesser  trochanters,  the  greater  and 
lesser  tuberosities,  tubercle  of  the  tibia,  the  tuber  iscbii  and  nearly  all 
the  ligamients.  The  epiphyses  and  their  attached  parts  are  very  nearly 
all  quite  free  from  disease,  though  it  may  be  largely  developed  in  their 
immediate  neighborhood. 

The  direction  of  the  nutritious  artery  seems  to  have  had  no  influence 
on  the  development  of  the  disease  either  in  its  extent  or  degree. 

The  porosity  varies  in  its  character,  and  usually  any  one  bone  will  show 
all  its  varieties.  1^.  The  surface  of  the  bone  presents  a  very  fine  cribri- 
form appearance,  resembling  pumice  stone.  When  magnified  six  or  eight 
times  this  is  seen  to  consist  of  a  stout  network  of  bone  perforated  by  nu- 
merous small  foramina,  which  are  generally  tolerably  circular,  and  do  not 
communicate  one  with  another.  (Fig.  24.)  2^.  It  may  be  of  a  finer  vel- 
vety appearance.  This  by  the  same  power  is  seen  to  consist  of  the  same 
network  of  bone,  whose  very  large  foramina  or  meshes  now  communi- 
■cate  and  are  therefore  very  irregular  in  foim,  while  the  ridges  forming 
the  bony  net-work  are  very  thin  and  form  relatively  high  walls  between 
the  adjacent  meshes.  Sometimes  these  ridges  assume  a  tolerably  regu- 
lar parallelism,  giving  a  striated  appearance  to  the  part.  3*^.  A  coarser 
appearance  is  often  produced  by  a  similar  honey-combing  with  large 
foramina  or  meshes,  deep  and  irregular,  varying  in  size  from  a  horse-hair 
to  a  line  in  diameter  with  the  first  or  second  variety  existing  in  the  inter- 
vening ridges.  (See  lower  end  of  Humerus,  Fig.  1.)  4-.  The  surface  is 
often  pierced  more  or  less  sparsely  by  small  foramina  about  the  size  of  a 
horse-hair.    (Fig.  20.) 

The  osteophytes  vary  greatly  also  in  their  character.     In  shape  they 
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are  either  p^nnted,  flat,  or  clubbed,  sessile  or  pedunculated.  They  fre- 
quently form  larger  or  smaller  scales,  which  cover  more  or  less  of  the 
bone.  They  vary  from  the  smallest  size  visible  up  to  J  inch  in  length  or 
^  inch  square.  They  are  often  compound,  smaller  ones  growing  from 
larger  ones  as  a  base.  Imbrication  is  not  unusually  a  marked  feature, 
and  whether  imbricated  or  not,  their  direction  or  "trend"  almost  always 
follows  that  of  the  fibres  attached  at  that  point.  This  is  vci*y  marked 
where  adjacent  muscles  run  in  different  directions,  e.  g.  the  flexor  attach- 
ments of  the  radius  and  ulna  as  contrasted  with  that  of  the  pronater 
qnadratus.  (Figs.  11  and  15.)  The  grooves  between  the  osteophytes 
have  sometimes  rolling  edges,  sometimes  are  as  sharp  as  if  cut  with  a 
knife,  and  often  lie  closely  together  and  parallel :  they  are  apparently 
made  in  many  cases  by  the  numerous  small  vessels.  All  of  the  osteo- 
phytes are  more  ov  less  porous. 

The  color  is  usually  normal,  but  in  some  i)laces  is  of  varying  shades  of 
brown. 

On  a  section  the  whole  bone  is  seen  to  be  encased  with  a  new  formation 
of  bone.  This  is  ti'ue  not  only  of  the  long  bones  but  also  of  the  scapulae 
and  ossa  innominata.  Viewing  these  bones  and  also  many  parts  of  the 
shafts  of  the  long  bones  on  the  surface,  one  would  suppose  he  had  simply 
to  do  with  the  original  thickened  bone  which  had  undergone  this  porous 
change.  But  a  section  shows  that  there  is  a  complete  new  formation 
which  is  added  layer  after  layer  around  the  old  bone.  These  layers  (except- 
ing where  sclerosis  has  taken  place)  are  separated  by  interspaces  sometimes 
just  appreciable  to  the  eye,  sometimes  a  quarter  of  an  inch  wide.  (Fig.17^. 
The  outer  layer  is  often  very  thin,  but  presents  to  the  eye  that  deceptive 
appearance  of  apparent  compact  tissue  which  has  simply  become  porous. 
Where  sclerosis  has  taken  place  or  osteophytes  are  developed,  of  course 
the  thickness  of  the  outer  layer  is  either  greatly  increased  or  else  unde- 
terminable. The  other  layers  also  vary  in  thickness  from  the  develop- 
ment of  the  sclerosis  from  the  thinnest  possible  to  one  or  twt)  lines. 
"These  layers  may  sometimes  be  traced  into  continuity  with  those  form- 
ing the  healthy  portion  of  the  wall*'  *  of  the  original  bone,  especially  at  the* 
extremities  of  the  shaft.  (Fig.  4.)  At  these  points,  starting  from  the  ori- 
ginal compact  tissue,  the  several  layers  of  the  encasing  new  formation  grad- 
ually become  more  and  more  widely  separated  or  new  layers  may  appear, 
thus  producing  a  very  great  thickening  at  the  centre,  while  at  the  ends  of 
the  shaft  the  thickening  gi*adually  (sometimes  suddenly)  diminishes.  The 
interspaces  between  the  layers  are  sometimes  for  even  an  inch  wholly 
void,  but  they  are  generally  filled  with  intervening  trabeculae  of  bone, 
which  form  a  cancellated  tissue  and  also  support  the  superimposed  layer 
to  which  they  are  always  perpendicular.  To  a  very  large  extent  these 
layers  have  been  welded  together  by  sclerosis,  and  sometimes  the  new 
growth  and  the  original  bone  present  no  line  of  demarcation  by  which 
they  can  be  distinguished.  Where  this  solidification  has  taken  place,  the 
cut  surface  instead  of  the  uniform  ivory-like  solidity  of  normal  compact 

*  Paget.  Surg.  Patli.  EnK.  E<J.  IN'..^,  p.  301-2,  and  fig.  40, 
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tissue  presents  a  granular  appearance,  as  if  the  cancelli  of  the  interspaces 
were  not  solidly  filled  up.  Tlie  process  of  sclerosis  not  infrequently  dips 
down  like  a  cone  whose  base  is  of  considerable  extent  at  the  surface  of 
the  new  growth  and  whose  apex  just  touches,  or  is  sometimes  welded  with 
the  original  compact  tissue.  (Fig.  21.)  Ebumation  has  nowhere  taken 
place. 

The  original  bone,  too,  has  undergone  marked  changes.  Its  limits  are 
generally  pretty  well  defined,  but  the  compact  tissue  of  which  its  wall 
once  consisted,  is  now  cstncellated,  to  a  greater  or  less  degree  (osteo-spon- 
giosis).  Sometimes  all  appearance  of  compact  tissue,  save  a  mere  worm- 
eaten  porous  external  film,  has  disappeared.  Sometimes  no  cancellation 
appears,  but  the  old  and  new  growths  are  welded  together.  The  cancelli 
of  the  once  compact  tissue  of  the  old  bone  always  run  parallel  with  the 
axis  of  the  bone,  and  are  thus  easily  distinguished  from  those  of  the  spaces 
between  the  laminsB  of  the  new  growth  which  run  at  rigJit  angles  to  the 
surface  of  the  bone.  (Figs.  4  and  17.)  The  old  cancellated  tissue  has 
often  very  large  cancelli  and  in  some  cases  has  disappeared,  leaving  a 
wider  medullary  canal  than  is  i^ormal. 

The  epiphyses  do  not  appear  materially  altered  on  section. 
V.  Description  op  iNDiviDifAL  Bones. 

1.  Head. — All  the  bones  of  the  head  are  present,  completely  disarticu- 
lated. The  spheno-occipital  suture  was  not  ossified.  No  sections  were 
made  of  these  bones,  and  the  external  appearances  alone  are  described. 

(a)  Frontal.  The  roof  of  the  orbit,  especially  in  the  fossae  for  the 
lachrymal  glands,  is  somewhat  porous.  Internally  the  porosity  appears 
over  various  parts  of  the  perpendicular  portion.  The  irregular  striated 
appearance  from  large  numbers  of  fine  grooves  is  marked,  and  sclerosis 
seems  to  have  made  considerable  progress. 

(b)  Parietal.  Externally  slightly  porous  at  the  posterior  border ;  in- 
ternally also  over,  say  one-fifth  of  the  surface,  coiTcsponding  to  the 
protubemnce. 

(c)  Occipital.  Externally  small  scattered  patches  of  porosity ;  inter- 
nally the  same  change  is  limited  to  the  superior  fossae  and  the  groove  for 
the  left  lateral  sinus. 

(d)  Sphenoid.  Porosity  of  external  surface  of  greater  wings,  and  also 
in  most  of  the  pterygoid  plates,  which  are  somewhat  thickened. 

(e)  Temporal.  Slightly  porous  and  thickened  externally  on  squamous 
portion,  and  in  the  glenoid  cavity  and  in  the  grooves  for  both  lateral 
sinuses. 

(f )  Sup.  Max.  Slightly  porous  on  anterior  surface,  and  at  the  tuber- 
osity. The  alveoli  are  reticulated  so  as  to  resemble  almost  the  meshes  of 
the  pulmonary  structure. 

(g)  Palate.  Internally,  slight  porosity  at  the  junction  of  the  perpen- 
dicular and  horizontal  portions. 

(h)  Inf.  Max.  Ascending  ramus  markedly  thickened,  and  porous  in- 
ternally and  externally ;   most  developed  at  the  centre  of  the  ramus  ; 
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body  similarly  affected,  principally  between  the  mental  foramen  and  the 
external  oblique  line.  Alveoli  like  those  of  the  upper  jaw.  This  bone 
has  suffered  more  than  any  other  bone  of  the  skull. 

Condition  of  Teeth. — The  teeth  were  all  present,  and  were  carefully  ex- 
amined. They  were  very  brittle,  so  as  to  break  across  with  little  difficulty 
{see  Micros,  Ex,),  but  presented  no  peculiarity  of  shape.  The  entire  ab- 
sence of  the  peculiar  deformity  of  the  incisors,  noted  by  Hutchinson,  of 
London,  as  characteristic  of  hereditary  syphilis,  is  to  be  especially  marked 
as  it  bears  upon  the  question  of  causation  of  the  morbid  process. 

2.  Vertebrce, — The  epiphysal  plates  of  the  bodies,  and  the  epiphyses  of 
the  transverse  and  spinous  processes,  are  all  gone.  In  the  dorsal  region 
the  groove  between  the  three  original  parts  in  which  the  ossification  takes 
place,  is  very  deep,  but  they  are  all  united  more  or  less.  This  groove 
gradually  disappears  both  above  and  below,  none  of  the  remaining  cervi- 
-cal  vertebrae  showing  it,  while  inferiorily  it  is  visible  as  far  as  the  first 
sacral.  On  section  the  body  is  not  much  thickened,  and  no  line  of  de- 
marcation exists.     No  sclerosis  has  taken  place. 

(a)  Cervical.  Scarcely  noticeable  porosity  of  the  anterior  surface  of 
body.     Posterior  arch  of  atlas  is  unusually  thick  and  dense. 

(b)  Dorsal.  Marked  porosity  of  external  surface  of  body,  which  is 
elevated  above  the  surface  left  by  the  removal  of  the  slightly  overlapping 
epiphysal  plates,  about  one-half  a  line  to  a  line.  Spinous  processes 
slightly  porous. 

(c)  Lumbar  and  Sacral.  Same  as  dorsal ;  the  porosity  of  spinous  pio- 
cesses  being  more  marked. 

3.  Sternum  and  Bibs. — (a)  The  manubrium  only  is  present,  and  is  very 
thick  and  porous.     No  osteophytes. 

(b)  The  ribs  have  lost  all  their  epiphyses.  They  are  not  affected  on  the 
external  surface,  save  slightly  in  one  or  two  instances.  On  the  pleural 
surface  they  are  all  porous,  and  often  a  little  thickened.  For  about  one 
inch  from  the  head  the  entire  bone  is  thickened  and  porous. 

4.  Upper  Extremities. — (a)  Clavicle.  The  sternal  epiphysis  is  wanting. 
Where  the  surface  for  the  articulation  with  the  acromion  should  be,  there 
is  on  each  side  an  oval  cup-like  depression  J  x  J  in.  and  i  in.  deep.  (Fig. 
13.)  Its  walls  are  perpendicular,  its  floor  flat,  and  both  are  covered  with 
a  thin  layer  of  compact  tissue  resembling  that  which  covers  all  the  ends  of 
the  diaphyses  of  the  other  bones  next  the  epiphysal  cartilage.  It  was  fllled, 
when  first  seen,  with  a  small  mass  of  dried  tissue  resembling  the  epiphysal 
oartilage  already  described.  Possibly  it  may  have  been  an  unusual  third 
-centre  of  ossification  for  this  bone.  It  was  occupied,  certainly,  by  some 
substance  separate  from  the  shaft  of  the  clavicle,  either  a  third  centre  of 
ossification,  or  a  projecting  piece  of  the  acromion.  If  the  former,  it  is  a 
very  unusual  place  for  a  supernumerary  epiphysis. 

The  whole  bone  is  thickened  to  about  twice  its  normal  width,  and  its 
surface  is  coarsely  porous  throughout.  At  the  insertion  of  the  ligaments 
on  the  under  surface,  the  porosity  is  quite  fine  and  velvety.  At  the  inner 
half  of  the  origin  of  the  deltoid  there  are  twelve  to  twenty  stout  and  well 
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developed  osteophytes.  A  few  also  exist  at  the  middle  of  the  insertion  of 
the  trapezius.  The  section  shows  the  original  bone  distinct  from  the 
new  growth  at  all  points.  The  laminae  of  the  new  growth  are  very  dis- 
tinct at  most  points.  A  large  part  of  those  of  the  under  surface  are  more 
or  less  closely  united  by  partial  sclerosis.  The  original  bony  tissue  is 
relatively  but  little  altered. 

(b)  Scapula.  The  coracoid  process  is  one-third  united  to  the  bone,  but 
wants  the  epiphysis  developed  on  it  at  about  seventeen  years  of  age.  All 
the  other  epiphyses  are  absent. 

The  bone  is  porous  throughout,  save  at  the  centre  of  the  infra-spinous 
fossa ;  generally  of  the  coarse  variety,  but  very  fine  in  certain  spots.  The 
whole  bone  is  somewhat  thickened,  as  can  be  seen  without  any  section, 
at  its  posterior  border  and  on  the  spine.  (Fig.  23.)  The  latter  being  to  a 
great  extent  denuded  of  the  outermost  compact,  yet  porous  layer  of  the 
new  growth,  shows  the  reticulated  trabeculse  which  supported  it,  and 
through  their  meshes  the  old  external  compact  layer  of  the  original  bone 
now  all  worm  eaten  and  very  thin.  'J'his  is  especially  well  seen  at  the  two 
extremities  of  the  spine.  The  axillary  border  of  the  bone  is  three  or  four 
times  as  thick  as  is  normal,  has  a  few  coarse  osteophytes,  and  a  very  deep 
and  wide  groove  for  the  dorsalis  scapulae  artery. 

(c)  Humerus.  All  the  epiphyses  are  preserved  except  that  of  the  in- 
ternal condyle.  The  trochlear  surface  projects  only  to  a  level  with  the 
radial. 

The  whole  shaft  (Figs.  1  and  2)  is  involved  in  the  disease,  the  least 
at  the  upper  fourth,  the  other  three-fourths  feeing  about  alike.  The 
porosity  is  almost  wholly  very  fine  or  velvety.  About  two  inches  below 
the  head,  at  the  insertion  of  the  Pect.  maj.,  the  anterior  bicipital  ridge  is 
greatly  thickened  (especially  on  the  right  side).  It  is  continuous  with  a 
very  large  elevated  surface  (2  x  IJ  in.)  at  the  insertion  of  the  deltoid.  This 
is  covered  with  a  large  mass  of  not  very  large  porous  osteophytes  whose 
trend  is  generally  upwards.  One  (r.  side)  or  two  (left)  large  flat  imbricated 
osteophytes  mark  the  posterior  lip  of  the  bicipital  groove.  At  the  musculo- 
spiral  groove,  which  is  well  marked,  the  bone  is  finely  porous,  but  presents 
no  osteophytes.  At  the  lower  third,  anteriorly,  the  bone  presents  numer- 
ous osteophytes,  sometimes  single,  but  generally  in  groups.  They  are 
sessile,  porous,  and  in  some  cases  imbricated  ;  their  trend  is  generally 
downwards,  except  just  above  the  epiphysis,  where  they  are  at  right 
angles  to  the  bone.  The  two  condyloid  ridges,  especially  the  inner,  are 
greatly  diseased.  The  external  ridge  (especially  on  the  right  side)  has 
several  large  porous  sessile  outgrowths  with  intervening  grooves,  the 
largest  groove  about  corresponding  in  position  to  the  anastomotica  magna 
artery.  The  internal  ridge  up  to  the  insertion  of  the  coraco-brachialis  is 
covered  with  large  knobby  and  porous,  imbricated  osteophytes,  continu- 
ous with  a  similar  remarkable  growth  on  the  posterior  surface  of  the  bone, 
covering  the  origin  of  the  internal  head  of  the  triceps,  which  extends  to 
the  musculo-spiral  groove  above,  and  fades  into  simple  porosity  exter- 
nally.    At  the  origin  of  the  external  head  of  the  triceps,  there  is  also  a 


Digitized  by 


Google 


lVpp<r.]  "^^  [Dec.  2^ 

marked  elevation  covered  with  pointed  osteophytes,  and  continuous  with 
that  of  the  deltoid  insertion.  The  trend  of  all  these  osteophytes  is  down- 
wards, and  their  color  (especially  on  the  right  side)  is  a  light  brown. 

The  section  (Figs.  8  and  4)  shows  the  outline  of  the  old  bone  obliterated 
in  the  lower  thii*d,  and  only  faintly  visible  in  the  upper  two-thirds  ante- 
riorly. In  the  posterior  upper  two-thii'ds  the  laminse  of  the  new  growth 
are  admirably  shown,  though  even  here  the  sclerosis  is  in  some  parts  far 
advanced.  The  original  compact  wall  in  the  superior  one-third,  anterior, 
ily,  and  two-thirds  posteriorly,  has  almost  disappeared,  the  cancellation 
(spongiosis)  is  so  great,  and  it  is  a  typical  illustration  of  this  process  in 
various  stages.  The  original  cancellated  structure  is  either  fragmentary, 
its  cancelli  being  very  large,  or  else  it  has  entirely  vanished,  leaving  an 
enlarged  medullary  canal. 

(d)  Radius  (Figs.  9,  10  and  11.)  All  the  epiphyses  are  gone,  save  the 
left  upper  one.  Instead  of  being  rounded  externally,  and  showing  a  sharp 
interosseous  ridge  internally,  it  is  almost  cylindrical,  increasing  in  diame- 
ter from  above  downwards.  At  the  bicipital  tubercle  there  is  a  crest  of 
curved  osteophytes  under  which,  as  in  a  cave,  the  tendon  of  the  biceps  was 
inserted.  The  oblique  line  is  marked  by  a  series  of  knobby,  porous,  slightly 
imbricated  osteophytes,  whose  trend  is  downwards  and  inwards  till  they 
reach  the  insertion  of  the  pronator  teres,  where  their  size  increases,  and 
their  trend  is  upwards  and  outwards.  The  interosseous  border  is  rounded 
off  and  marked  by  a  series  of  deeply  imbricated  laminated  osteophytes,  all 
trending  downwards,  resembling  a  rounded  surface  deeply  grooved  by  ob- 
lique parallel  cuts  of  a  thin  saw.  Where  the  pronater  quadratus  was  at- 
tached, a  large  number  of  osteophytes  exist  in  ridges,  which  run  lat- 
terally.  All  the  rest  of  the  bone  is  thickened  and  porous,  and  where 
the  muscles  took  origin,  is  covered  with  porous  osteophytes. 

In  section  (Fig.  8)  the  outlines  of  the  original  bone  are  visible  through- 
out ;  the  laminne  of  the  new  growth  are  marked  ;  the  sclorosis  is  in  various 
stages,  and  anteriorly  for  some  two  inches  the  new  and  old  growths  are 
almost  welded  together.  The  old  compact  tissue  is  wholly  changed  to 
spongy,  and  the  medullary  canal  is  increased  in  size. 

(e)  Ulna  (Figs.  14  and  15.)  The  lower  epiyhyses  are  absent.  Like  the 
radius,  the  ulna  is  involved  in  its  whole  length,  and  is  about  twice  its  nor- 
mal diameter.  At  the  insertion  of  the  brachialis  anticus,  a  cup-like 
depression  suiTOunded  by  an  elevated  ridge  of  osteophytes,  exists, 
somewhat  similar  to  that  on  the  bicipital  tubercle  of  the  radius. 
The  anterior  surface  is  covered  with  small  porous  osteophytes,  with 
a  slight  downward  imbrication.  At  the  attachment  of  the  pronater 
quadratus  they  become  more  marked  in  their  development,  and  the 
imbrication  is  external.  "The  interossecus  ridge  is  rounded  off  and 
marked,  as  in  the  radius,  but  with  several  unusually  large  and  deeply 
imbricated  osteophytes  with  a  deep  groove,  probably  that  of  the  inter- 
osseous arterj.  Externally  a  brown  discoloration  is  seen,  which  is 
the  most  noticeable  on  the  right  side.     Posteriorly  the  bone  is  coarsely 
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porous,  but  veiy  few  osteophytes  exist,  save  on  the  lower  third.  The 
intervening  grooves  run  transversely,  but  are  neither  deeply  nor  sharply 
-cut. 

On  section  (Figs.  16  and  17)  the  line  of  the  original  bone  can  be  dis- 
tinguished throughout ;  the  laminsB  of  the  new  growth  are  very  marked  ; 
the  sclorosis  has  welded  together  all  the  new  layers  anteriorly,  and  at 
the  junction  of  the  upper  and  middle  thirds,  the  new  and  old  growths 
are  almost  melted  together  both  anteriorly  and  posteriorly.  The  inter- 
space between  the  old  bone  and  the  first  new  lamina  reaches  one-fourth 
of  an  inch  in  width  just  below  the  olecranum,  and  the  distinction  between 
the  perpendicular  trabeculse  filling  it  up,  and  the  longitudinal  cancelli  of 
the  once  compact  tissue  of  the  old  bone  is  very  marked.  The  medullary 
canal  is  scarcely,  if  at  all,  enlarged,  and,  indeed,  at  the  point  of  greatest 
sclerosis  above  named,  the  same  process  seems  to  have  invaded  the  canal 
itself. 

r>.  Lower  Extremities.— [a.)  Innominate  Bones.  The  ilium  is  separated 
from  the  ischium  and  pubes,  which  are  firmly  and  indistinguishably  united 
together  at  their  rami,  but  at  the  acetabulum  are  distinct.  The  Y-shaped 
piece  uniting  them  is  presei'ved,  and  is  loose  on  both  sides.  All  the  other 
epiphyses  are  missing.  The  bones  are  porous  throughout  but  not  to  a 
marked  degree.  The  thickening  varies  from  ^  to  f  of  an  inch,  being 
greatest  just  above  the  acetabulum.  On  the  ischium  and  pubes  no  osteo- 
phytes exist,  save  one  small  lamina  on  the  body  of  the  right  pubes.  The 
ilium  is  fi-ee  from  them  except  above  the  acetabulum  for  a  considerable 
space,  on  and  around  the  refiected  origin  of  the  rectus,  where  large  and 
strong  osteophytes  exist,  with  a  trend  inwards  and  upwards. 

On  section  of  the  ilium,  (Fig.  12)  the  external  surfaces,  which  other- 
wise would  be  thought  to  be  the  porous  surface  of  the  original  bone,  are 
seen  to  be  the  outer  layer  of  the  new  growth.  The  original  compact  tis- 
sue has  undergone  spongiosis  to  a  great  extent.  Sclerosis  is  furthest  ad- 
vanced just  above  the  acetabulum. 

(b)  Femur  (Figs.  6  and  7).  All  the  epiphyses  are  separated.  Both 
heads  and  great  trochanters  and  the  left  lower  epiphysis  are  preserved. 
The  latter  shows  some  very  slight  porosity,  as  already  noticed. 

Anteriorly  the  inter-trochanteric  line  is  marked  by  a  well  developed 
growth  of  short,  thick,  rather  acuminate  osteophytes,  separated  by 
grooves  running  in  the  axis  6f  the  neck.  A  similar  line  of  more  slender 
imbricated  osteophytes  runs  parallel  to  the  base  of  the  great  trochanter 
and  trends  toward  it.  These  two  lines  form  the  letter  A.  Immediately 
within  this  letter  A  (especially  on  the  left  side)  the  trend  of  all  the  osteo- 
phytes turns  sharply  downwards  and  so  continues  to  the  lower  J  of  the 
bone,  where  thSy  are  perpendicular.  They  are  not  very  marked  in  their 
development.  Just  above  the  end  of  the  shaft,  however,  they  form  an 
overlapping  sheath  to  the  bone.  In  the  middle  of  the  right  femur  an 
aperture  (1^  X  |  inches)  exists  in  the  ensheating  new  growth,  disclosing 
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to  view  the  original  but  altered  bone.  Posteriorly  the  osteophyte  grow  th 
extends  from  half  an  inch  below  the  lesser  trochanter  to  within  2J  inches- 
of  the  end  of  the  shaft,  and  the  same  sheath-like  appearance  is  very  no- 
ticeable at  its  two  exti-emities.  Where  not  covered  with  osteophytes,  the 
shaft  is  very  finely  porous  and  thickened.  All  the  central  two-thirds  of  the 
Khaft  is  one  vast  mass  of  large,  irregular,  porous  osteophytes.  Their  di- 
rection is  not  constant,  but  is  in  general  downwards,  and  their  shapes  are 
very  varied.  The  mass  extends  for  about  eight  inches,  along  what  was  the 
tolerably  sharp  linea  aspera,  but  is  now  about  •{  in.  wide  and  about  |  inch 
thick.  The  posterior  inter-trochanteric  line  and  great  trochanter  are  not 
affected,  except  a  slight  porosity  iu  the  former.  The  lesser  trochanter  is 
wanting,  but  for  J  in.  around  it  there  is  no  disease  beyond  some  porosity 
save  one  squamous  osteophyte  on  the  right  side. 

On  section  (Fig.  5)  in  the  axis  of  the  head  and  great  trochanter  the  out- 
line of  the  old  bone  is  not  to  be  made  out  save  internally,  and  then  only 
imperfectly.  The  old  and  new  gi-owths  are  almost  everywhere  iudistin- 
guishably  welded  together.  The  laminae  of  the  new  growth,  too,  are 
welded  together  save  at  a  very  few  points.  The  old  compact  wall  is  still 
solid,  but  it  looks  granular  and  does  not  present  the  ivory-like  solidity  of 
normal  compact  tissue.  The  medullary  canal  is  somewhat  enlarged  at 
the  expense  of  its  walls.  At  the  lower  extremity  the  trabeculte  of  the  can- 
cellated substance  are  normal,  but  in  the  head  and  neck  the  arches  for 
mechanical  support  are  much  less  distinctly  marked  than  is  usual. 

(c)  Patella.  The  right  patella  is  missing.  The  anterior  surface  of  the 
left  shows  a  few  osteophytes  trending  downwards. 

(d)  Tibia.  Both  the  upper  epiphyses  are  preserved.  The  whole  bono 
is  greatly  diseased  and  thickened  to  about  twice  its  usual  diameter.  The 
tubercle  is  slightly  thickened  and  presents  a  ragged  edge  above  for 
articulation  with  the  epiphyses,  but  the  greater  pai-t  of  the  tubercle  being 
developed  from  the  epiphyses  the  disease  is  not  very  marked.  The  crest 
is  rounded  in  its  whole  length  and  porous.  The  intenial  sub-cutaneous 
surface  presents  marked  swelling  and  porosity.  There  is  but  little  oste- 
ophyte growth,  and  it  is  generally  in  the  laminje  except  at  the  sartorius 
insertion,  where  it  is  more  developed.  A  number  of  deep  grooves  exists 
generally  longitudinal  in  their  direction  and  most  marked  at  the  upper 
third.  The  posterior  and  external  surfaces  are  covered  with  a  warty 
growth  of  porous  osteophytes  which  attain  tUeir  greatest  development 
at  the  interosseous  border  and  especially  at  the  oblique  line.  The  gen- 
eral trend  of  all  this  growth  is  downwards.  Grooves  for  the  vessels  are 
frequent  and  tolerably  deep. 

On  section  (antero-posterior)  the  outline  of  the  old  bone  is  distinct  Jit 
the  extremities,  but  in  the  central  two-thirds  it  is  barely  visible  in  front 
and  wholly  lost  behind,  the  sclerosis  at  this  part  having  .welded  together 
all  the  laminae  of  the  new  growth  and  the  original  bone.  Even  at  the  ex- 
tremities the  new  laminae  are  not  very  m«arked.  The  rarefaction  of  the 
original  compact  substance  is  of  coarse  therefore  not  marked.  The  me- 
dullary canal  if  at  all  altered  is  narrowed  by  the  encroaching  sclerosis. 
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(e)  Fibula  (Fig.  18).  Its  shaft  alone  is  preserved,  and  its  axis  i» 
slightly  bent  inwards.  The  whole  bone  is  encased  in  a  newly  formed  os- 
seous growth  which  is  sometimes  simply  porous,  and  is  covered  with 
sometimes  an  interrupted,  sometimes  a  continuous,  growth  of  warty 
osteophytes,  all  more  or  less  porous.  Posteriorly  and  internally  thi& 
growth  is  most  developed,  the  trend  being  downwards.  The  lower  sub- 
cutaneous surface  is  greatly  thickened  and  finely  porous,  but  has  no  os- 
teophytes. 

On  section  the  bone  is  doubled  in  its  diameter,  the  outline  of  the 
original  bone  being  only  visible  in  about  one-half  of  its  extent,  the  scle- 
rosis obscuring  it  at  other  points.  The  original  compact .  tissue  is  rare- 
fied by  spongiosis,  and  the  medullary  canal  is  somewhat  widened. 

(f)  Hand  and  Foot.  They  are  considered  together,  as  some  of  the 
bones  are  indistinguishable,  and  moreover,  in  general  the  same  descrip- 
tion applies  to  both. 

(1.)  Right  scaphoid  of  hand.     Not  diseased. 

(2.)  Left  calcis.  Porous  and  enlarged  throughout.  Porous  osteophytes 
are  seen  at  the  attachments  of  the  tendinous  sheaths  internally,  and  one 
large  flat  one  on  the  inferior  surface.  The  epiphysis  for  the  attachment 
of  the  tendo  achillis  is  preserved,  but  shows  no  disease. 

(3.)  Metacarpus,  metatarsus  and  phalanges.  Two  of  the  phalanges 
have  their  epiphyses  attached  but  not  united  by  ossification.  The  epi- 
physes are  not  diseased.  No  other  epiphyses  are  preserved.  ^\\  these 
bones  suflfer  by  far  to  the  greatest  extent  in  the  centre,  not  at  all  at  the 
head  (viewed  externally),  and  but  little  at  the  base,  and  the  new  growth 
is  five  or  six  times  as  thick  on  the  dorsum  as  on  the  opposite  surface.  No- 
osteophytes  exist  save  on  one  of  the  metatarsal  bones  and  at  the  ridges 
for  the  flexor  sheaths  of  three  of  the  phalanges. 

On  section  (Fig.  21),  compare  also  Fig.  22,  the  outlines  of  the  old  bones 
are  very  readily  seen,  the  apex  of  the  conical  sclerosis  having,  at  points,, 
just  touched  the  surface  of  the  old  bone.  The  original  wall  of  compact 
tissue  is  wholly  rarefied  by  spongiosis,  and  the  cancelli  of  the  new  and  old 
bone  are  readily  distinguished  by  the  different  directions  of  their  axes. 
The  normal  compact  wall  of  the  phalanges  being  very  thick  relatively, 
the  changes  in  it  are  the  more  marked.  Sclerosis  has  invaded  from 
half  to  two-thirds  of  the  new  growth.  The  head  of  the  bone  is  also 
markedly  rarefied  by  spongiosis. 

MICROSCOPIC  EXAMINATION. 

The  specimens  from  which  the  following  description  and  wood- cuts 
were  made,  were  prepared  with  his  well  known  skill  by  Dr.  J.  H.  McQuil- 
len.  They  consisted  of  a  transverse  section  through  the  thickened  wall  of 
a  phalanx,  embracing  the  thickness  of  the  layers  superimposed  by  the  pe- 
riosteum, but  not  of  the  entire  original  compact  layer  of  the  bone,  and  of 
a  transverse  section  through  the  right  canine  tooth. 
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The  section  of  the  phalanx  ^Fig.  A)  exhibited  a  quite  compact  osseouft 
structure — the  Haversian  canals  being  for  the  most  part  round,  and 
rather  small,  though  in  some  places  they  were  irregularly  shaped  or  oval, 
and  larger.     The  intervening  bone  lamellae  wore  of  unusual  thickness, 
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and  presented  in  the  majority  of  cases,  bone  corpuscles  with  canaliculi. 
In  some  cases,  however,  no  bone  corpuscles  were  present,  and  the  lamellan 
appeared  to  be  merely  calcified  by  saturation  with  bone  salts. 

The  bone  corpuscles  were  small  and  often  indistinct ;  in  some  places  they 
were  unusually  round,  but  in  others  they  presented  the  normal  elongated 
shape ;  their  canaliculi  were  invariably  very  poorly  developed,  and  often 
could  not  be  discovered. 

AVith  regard  to  the  mode  of  arrangement  of  the  bone  lamellae,  they 
were  always  developed  concentrically  with  (parallel  to  the  walls  of)  the 
Haversian  canals,  and  in  no  instance  were  any  lamellae  found  whose  di- 
rection was  parallel  to  the  external  surface  of  the  shaft. 
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The  section  of  the  tooth  (Fig,  B)  showed  the  existence  of  numerous  ir- 
regularly shaped,  branching  lacunsB  in  the  dentine  near  the  marginal 
layer  of  enamel.    These  spaces  were  of  various  sizes  and  intercepted  the 


Fig.  B. 

oourse  of  a  varying  number  of  dental  tubuli.  They  indicated  unquestion- 
ably either  an  arrest  of  the  process  of  calcification  of  the  dentine,  or  of 
the  resorption  of  calcareous  matter  already  deposited,  conditions  which  are 
also  present  in  the  true  bony  tissue.  They  are  identical  with  the  so-called 
interglobular  spaces  first  described  by  Kolliker  and  carefully  studied  by 
Dr.  McQuillen  of  this  city,  who  has  published  (Dental  Cosmos,  N.  S.  Vol. 
Vin,  No.  3,  pg.  113,)  several  excellent  illustrations  of  them. 

PATHOLOGY  OF  THETDISEASE. 

Having  thus  described  the  gross  and  minute  features  of  these  bones, 
we  would  hazard  the  following  remarks  in  regard  to  the  nature  and  cause 
of  the  pathological  process  : — 

In  the  first  place  it  is  to  be  observed  that  thi-ee  separate  processes,  or 
at  least  three  distinct  stages  of  the  same  process,  are  represented  in  dif- 
ferent parts  of  the  skeleton,  or  even,  in  some  instances,  in  single  bones. 
These  stages  are  : 

First.  Internal  Osteoporosis  of  the  original  osseous  tissue.  2d.  Ex- 
ternal Hyperostosis,  due  to  successive  attacks  of  Periostitis,  both  of 
which  processes  are  present  in  varying  proportion  in  almost  all  the  bones, 
and  8d.  Secondary  Induration. 
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1 ,  It  is  especially  in  regard  to  the  explauatiou  of  the  internal  osteopo- 
rosis, which  constitutes  so  marked  a  feature  of  these  specimens,  that  we 
regret  the  absence  of  any,  careful  examination  of  the  bones  in  their  recent 
conditi|lj|h.  In  their  present  state,  it  is  only  possible  to  describe  the  de- 
gree to  which  this  rarefaction  of  the  osseous  tissue  has  occurred,  but  it  is 
evident  that  such  changes  might  be  produced  by  very  varied  alterations 
of  the  medulla  and  bone  corpuscles.  Thus,  among  the  recognized  causes 
of  osteoporosis,  may  be  mentioned  syphilis,  scrofula,  rheumatism  ;  and, 
in  addition,  we  must  add  that  both  osteomalacia  and  simple  ostitis  pro- 
duce changes  in  the  bones  which,  after  the  specimen  has  been  boiled,  and 
the  organic  matter  entirely  removed,  are  not  to  be  distingushed  from  the 
effects  of  the  first  mentioned  diseases.  In  each  case,,  under  the  action  of 
the  morbid  initant,  whether  purely  external  and  local,  or  internal  and  con- 
stitutional, there  is  more  or  less  rapid  proliferation  of  the  essential  vital 
elements  of  the  osseous  tissue,  called  bone  corpuscles  or  cells.  At  the  same 
time,  the  bony  lamina)  surrounding  the  Haversian  canals,  and  the  walls 
of  the  lacunaB,  are  progi^essively  deprived  of  their  calcareous  salts  and 
removed,  while  the  enlarged  spaces  thus  produced  are  filled  by  the  con- 
stantly growing  cellular  elements.  The  manner  in  which  this  removal  of 
the  calcareous  salts  is  effected  has  been,  and  indeed  remains,  a  subject  of 
much  discussion.  The  first  idea  which  seems  to  have  been  entertained  may 
be  inferred  from  the  name,  eccentric  atrophy,  which  was  given  to  many 
si)ecimens  of  osteoporosis,  under  the  belief  that  the  bony  lamellae  were 
tlriuned  and  pushed  asunder  by  the  centrifugal  pressure  of  the  growing 
medulla.  There  is,  however,  no  evidence  whatever  in  favor  of  such  a 
mechanical  explanation,  and  this  hypothesis  has  justly  been  almost  uni- 
versally abandoned. 

By  far  the  most  plausible  explanation  which  has  been  advanced  appears 
to  be  that  the  removal  of  the  calcareous  salts,  the  first  essential  step  in 
the  destruction  of  the  bony  lamellae ,  is  due  to  the  solvent  action  of  some 
acid  elaborated  by  the  bone  cells  during  the  inflammatory  process.  Ac^ 
cording  to  Weber,  their  removal  is  not  di\e  to  the  direct  action  of  any 
acid,  but  is  owing  to  a  gradual  conversion  of  the  insoluble  tri-hasic  phos- 
phate of  lime  into  the  more  soluble  hi-hasic  salt. 

As  this  feature  of  rarefaction  is,  however,  common  to  so  many  diseases 
of  the  bones,  it  is  evident  that  the  most  characteristic  results  of  such  dis- 
eases are  to  be  rather  found  in  the  condition  of  the  bone  cells,  and  in  the 
characters  of  the  morbid  product  which  has  resulted  from  their  multipli^ 
cation.  And  it  is  to  be  trusted,  that  by  careful  chemical  and  microscopi- 
cal study  of  these,  such  peculiarities  will  be  discovered  as  will  enable  us- 
to  distinguish  with  certainty  in  recent  bones  the  various  morbid  changes. 

Heretofore  the  majority  of  observers  have  limited  themselves  either  to 
a  description  of  the  dried  bone,  after  maceration  or  boiling,  or  at  most, 
of  the  general  characters  of  the  medulla  with  which  its  cancelli  are  filled. 
And  it  results  from  this  superficial  mode  of  study,  that  there  is  as  yet  but 
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little  exact  knowledge  of  the  really  esseutial  changes  wliioU  the  organic, 
active  portions  of  bones  undergo  in  disease. 

Yircbow,  who  was  among  the  first  to  examine  microscopically  the  con- 
dition of  the  bone  cells  in  ostitis  and  some  other  diseases  attended  with 
rarefaction  of  the  bone  tissue,  (Uber  parenchymatose  Entziindung; 
Yirchow's  Archiv.  Bd.  IV.  Hft.  2:  1852,  b.  s.  301  to  311,)  formerly 
i*egarded  the  process  as  essentially  a  degenerative  one,  due  to  the  fatty 
degeneration  of  the  bone  corpuscles  and  the  subsequent  softening  and 
removal  of  the  area  depending  on  these  cells.  We  have  already,  how- 
ever, stated  the  view  which  appears  most  plausible  in  regard  to  the  re- 
moval of  the  calcareous  salts,  and  so  far  from  fatty  degeneration  of  the 
bone  corpuscles  being  a  constant  feature  in  the  different  forms  of  osteo- 
porosis, it  would  appear  from  the  careful  researches  of  Ranvier  (Archives 
d'  Anat.  et  Phys.,  Norm,  et  Path.,  No.  1, 1868,  page  69),  that  this  condition 
of  the  celU  is  altogether  characteristic  of  caries  and  limited  to  that  morbid 
process.  On  the  other  hand,  there  is  every  I'eason  to  presume  that  these 
cells  are  influenced  by  various  morbid  causes,  (inflammation,  syphilis, 
rheumatism,  gout,  scrofula,  &c.)  in  the  same  way  as  the  other  tissues  of 
the  body,  and  give  rise  to  products  more  or  less  characteristic  of  the  dis- 
eased action  present. 

The  histoiy  of  the  present  case  would  appear  to  indicate  that  the  na- 
ture of  the  disease  was  a  rheumatic  or  scrofulous  inflammation,  but 
beyond  this  mere  supposition  we  are  prevented  from  advancing  by  the 
absence  of  any  chemical  and  microscopical  examination  of  the  recent 
bones. 

We  vrould  here  again  ciU  attention  to  the  marked  peculiarity  of  the 
porotic  bones,  fully  described  at  pages  24  and  25,  and  figs.  4  and  17,  al- 
though we  are  unable  to  suggest  any  plausible  explanation  of  the  invaria- 
bly parallel  arrangement  of  the  meshes  of  the  porotic  bone,  and  of  the 
equally  uniform  vertical  arrangement  of  the  meshes  of  the  new-formed 
sub-periosteal  layers. 

2.  Another  important  appearance  pi*eseut  in  the  bones  here  described, 
and  indeed  one  which  is  as  marked  and  wide-spread  as  the  osteoporosis, 
is  the  extensive  development  of  bone  upon  the  exterior  of  the  original 
shafts.  In  our  description  of  the  skeleton,  we  have  already  noted  the 
peculiarities  of  these  sub-periosteal  growths,  and  it  will  be  remembered 
that  they  are  in  every  instance  limited  to  the  body  or  shaft  of  the  bones, 
and  never  extend  on  to  the  epiphyses,  and  that  they  usually  present  sev- 
eral thin  laminae  of  imperfectly  compact  bone,  parallel  to  the  shaft  and 
separated  from  it  and  from  each  other  by  more  or  less  wide  interspaces 
usaally  occupied  by  coarse  cancellated  tissue. 

It  is  undoubtedly  from  the  examination  of  such  specimens  as  this  that 
the  mistaken  idea  arose  that  the  lamellae,  of  which  the  original  compact 
shaft  was  formed,  had  been  pushed  asunder  by  the  great  enlargement  of 
its  cancelli.     It  will,  however,  be  seen  from  our  description  that  the  ap- 
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pearances  contradict  any  such  supposition,  and  clearly  show  that  whil^ 
in  the  cancellated  and  imperfectly  compact  tissue  of  the  original  shaft  a 
process  of  rarefaction  (osteoporosis)  has  been  advancing  by  atrophy  of 
the  bony  lamell»,  there  has  also  been  an  active  process  of  periostitis  re- 
sulting in  the  formation  of  thick  layers  of  new  bone  on  the  exterior. 

'Another  means  of  distinguishing  the  line  of  demarcation  between  the 
original  shafts  and  the  new-formed  layers,  is  the  abrupt  change  in  the 
direction  of  the  cancelll  already  referred  to. 

It  is  evident,  also,  that  the  periostitis  has  not  been  uniformly  continuous, 
but  that  for  a  variable  time  its  intensity  was  such  that  the  inflammatory 
product  was  capable  of  but  imperfect  ossification,  and  remained  as  cancel- 
lous tissue ;  while  at  irregular  intervals  thin  layers  of  imperfectly  com- 
pact tissue  have  been  formed.  The  occurrence  of  this  long  standing,  but 
not  uniform  process  of  periostitis  ossificans  appears  to  account,  in  every 
instance,  for  the  changes  observed  on  the  exterior  of  the  original  shafts. 
In  addition  to  this  uniform  hyperostosis,  it  will  be  observed  from  the  de- 
scription (see  pp.  33, 24)  that  the  same  process  of  periostitis  has  given  rise 
to  varied  forms  of  porous  osteophytes. 

3.  In  some  places,  however,  it  is  evident  that  a  still  further  change  has 
occurred,  consisting  in  the  gradual  conversion  of  the  cancellous  tissue 
into  compact  bone.  This  process  of  consecutive  or  secondary  induration 
is  most  marked  in  the  layers  of  bone  formed  by  the  periosteum  ;  though 
it  is  present  in  the  shafts  of  the  tibiae,  femora  and  some  other  bones.  It 
is  manifestly  impossible  to  determine  accurately  tlie  portions  which 
have  been  rendered  compact  by  this  process,  but  the  disposition  of  the 
successive  layers  of  new-formed  bone  is,  in  general,  so  much  like  that 
above  described,  that  we  are  inclined  to  regard  all  the  areas  of  compact 
bone  of  any  considerable  thickness  as  due  to  this  secondary  change. 

It  would,  indeed,  appear  but  probable  that  as  the  high  degree  of  inflam- 
mation, under  which  the  layer  of  cancellous  tissue  had  been  formed,  sub- 
sided, there  should  be  a  tendency  to  the  formation  of  successive  layers  of 
bone  on  the  interior  of  the  walls  of  the  cancelli.  It  is  especially  in  con- 
nection with  this  point  that  the  result  of  the  microscopical  examination 
of  the  sub-periosteal  layers  is  of  so  much  interest.  It  will  be  observed 
(see  Fig.  A)  that  in  the  newly-formed  compact  bony  tissue,  the  lamellse 
are  arranged  concentrically  around  the  vascular  canals ;  a  mode  of  ar- 
rangement which  strongly  points  to  the  occurrence  of  the  process  of  con- 
secutive induration,  as  we  have  above  described. 

The  specimens  are  deposited  in  the  Museum  of  the  College  of  Physi- 
cians. 

J.  EWING  HEARS,  M.  D. 

WM.  W.  KEEN,  M.  D. 
HARRISON  ALLEN,  M.  D. 
WM.  PEPPER,  M.  D. 
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Stated  Meeting,  March  3,  1871. 

Present,  five  members. 

Db.  G.  B.  Wooi>,  President,  in  the  Chair. 

Donations  for  the  Library  were  received  from  the  Dorpat 
Observatory,  St.  Gall  Society,  E.  Asylum  for  Lunatics  at 
Perth,  Scotland,  the  London  Eoyal  Society,  E.  Geographical 
Society,  Society  of  Arts,  and  Thomas  Irving,  Esq.,  General 
Sabine,  Sir  Charles  Lyell,  the  Eoyal  Observatory  at  Green- 
wich, Prof.  Mayer  of  Bethlehem,  the  American  Pharmaceutical 
Association,  Franklin  Institute,  Directors  of  City  Trusts,  and 
U.  S.  Commission  Bureau  for  the  Paris  International  Expo- 
sition for  1867. 

The  Cylinder  presented  by  Dr.  Lowber  was  laid  on  the 
table,  and  Prof.  Cresson  called  the  attention  of  the  members 
to  it. 

The  death  of  Wm.  J.  Hamilton,  F.  E.  S.,  member  of  the 
Society,  was  announced  by  Mr.  Chase. 

Prof.  Cope  offered  for  publication  in  the  Proceedings  three 
memoirs,  entitled : 

"  Supplement  to  the  Extinct  Batrachia  and  Eeptilia  of  N. 
America;  by  E.  D.  Cope.''    (See  Proc.  p.  41.) 

"  On  two  extinct  forms  of  Physostomi  of  the  Neotropical 
region ;  by  E.  D.  Cope,  A.  M."    (See  Proc.  p.  52.) 

"  On  the  occurrence  of  fossil  Cobitidae  in  Idaho ;  by  E.  D. 
Cope."     (See  Proc.  p.  55.) 

Also  "Notes  relating  to  the  Physical  Geography  and 
Geology  of,  and  the  distribution  of  Terrestrial  MoUusca  in 
certain  of  the  West  Indian  Islands ;  by  Thomas  Bland." 

Prof.  Cope  exhibited  specimens  of  teeth  and  portions  of  the 
jaw  of  a  new  Mososauroid ;  also  slabs  of  coal  slate,  containing 
fossils  of  a  new  species  of  batrachian,  and  a  new  reptilian 
genus. 
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Mr.  Chase  ofiFered  some  additional  evidence  of  the  contrast 
between  European  and  American  rainfalls ;  and  communicated 
some  American  peculiarities  in  the  relations  of  barometric 
pressure  of  winds  and  storms.     (See  below.) 

Pending  nominations  Nos.  669,  670,  and  new  nomination 
671,  were  read. 

Mr.  Chase  made  a  communication  on  the  subject  of  pro- 
viding suitable  accommodations  for  the  observations  of  the 
Signal  Service  Bureau,  which  was  referred  to  the  Curators 
and  Hall  Committee,  with  power  to  act. 

And  the  meetinsj  was  adjourned. 


European  and  American  Rain-falU. 

By  Pliny  Earle  Chase. 

(Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

There  is  still  a  lingering  skepticism  on  the  part  of  some  meteorologists, 
regarding  the  moon's  influence  on  the  weather,  a  skepticism  which  is 
perhaps  owing  to  the  apparent  want  of  agreement  between  observations 
at  different  places.  There  is,  however,  no  good  reason  for  expecting  such 
accurate  correspondence  as  is  sometimes  deemed  essential.  Dr.  Emei^son 
(Proc.  A.  P.  S.,  XL  518)  has  communicated  to  the  Society  his  early  ob- 
servation upon  the  reversal  of  the  European  barometric  prognostics  on 
this  side  of  the  Atlantic.  Mr.  Blodget  (Climatology,  pp.  221-237)  has 
pointed  out  various  climatologic  contrasts,  and  Mr.  Scott,  the  Director 
of  the  British  Meteorological  Office,  has  noticed  an  opposition  between 
the  solar  (or  temperature)  rain-falls  in  Western  Europe  and  Eastern 
America,  analogous  to  that  which  I  have  indicated  in  the  lunar  rain-falls. 
The  confirmation  thus  afforded  to  the  results  of  my  previous  investigations, 
strengthens  the  presumption  that,  in  our  Atlantic  States,  signs  of  fair 
weather  may  be  most  confidently  trusted  during  the  ten  days  preceding, 
signs  of  rain  during  the  eight  days  following,  full  moon. 

In  order  to  make  a  comparison  between  stations  of  similar  latitude,  I 
obtained  from  the  '*Observatorio  do  Infante  D.  Luiz,'*  a  record  of  the 
quarterly  rains  at  Lisbon  for  sixteen  years,  which  I  have  embodied,  to- 
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getlier  with  the  observations  at  Pennsylvania  Hospital  for  the  same  period, 
in  the  following  tables.     The  measurements  are  given  in  millimetres. 

I.— Quarterly  Rain-fall  at  Lisbon. 


TEARS. 

WINTER. 

SPRING. 

SUMMER. 

AUTUMN. 

TOTAL. 

1855 

280.3 

272.7 

15.4 

362.5 

930.9 

1856 

513.4 

300.7 

8.5 

90.3 

912.9 

1857 

267.8 

152.2 

07.9 

324.4 

812.3 

1858 

224.2 

113.2 

7.1 

567.6 

912.1 

1859 

128.0 

201.8 

71.0 

306.9 

708.3 

1860 

210.9 

122.4 

39.0 

187.3 

560.2 

1861 

501.5 

154.3 

14.6 

311.4 

981.8 

1862 

364.4 

282.9 

fi.6 

176.9 

830.8 

1863 

181.8 

196.6 

64.8 

101.6 

544.7 

1864 

155.3 

282.2 

33.9 

363.5 

834.9 

1865 

371.6 

159.2 

24.4 

487.2 

1042.4 

1866 

214.7 

365.3 

14.6 

82.3 

676.9 

1867 

:97.2 

216.2 

13.6 

172.1 

599.1 

1868 

162.9 

76.9 

38.0 

279.4 

r.57.2 

1869 

323.2 

158.5 

3.1 

66.0 

550.9 

1870 

305.7 

111.6 

21.9 

160.3 

599.5 

3Iean 

275.2 

197.9 

27.9 

252.5 

753.4 

II.— QUARTEl 

RLY  Rain- 

FALL   AT   P 

niL.\DELPniA. 

years. 

WINTER. 

spring. 

SUMMER. 

AUTUMN. 

TOTAL. 

1855 

193.0 

169.9 

435.4 

257.8 

1056.1 

1856 

284.5 

211.8 

241.3 

187.5 

925.1 

1857 

184  4 

359.9 

482.0 

133.4 

1160.3 

1858 

264,9 

272.8 

274.1 

227.1 

1038.9 

ia59 

376.7 

376.9 

376.4 

371.0 

1501.0 

1860 

240.3 

229.6 

311.7 

342.9 

1124.5 

1861 

269.8 

362.5 

243.3 

332.0 

1207.6 

1862 

292.6 

254.5 

263.1 

343.9 

1154.1 

1863 

280.7 

442.0 

297.4 

153.4 

1173.5 

1864 

174.8 

448.3 

204.2 

327.9 

1155.3 

1865 

370.1 

374.7 

291.9 

380.3 

1416.9 

1866 

390.4 

247.9 

194.0 

370.9 

1203.8 

1867 

230.1 

370.0 

742.5 

228.1 

1571.3 

1868 

225.3 

401 .3 

268.0 

404.6 

1299.2 

1869 

318.5 

296.2 

247.7 

337.8 

1200.2 

1870 

297.7 

404.9 

303.8 

195.8 

1202.2 

Mean 

274.6 

326.5 

323.6 

287.2 

1211.9 

It  appears,  therefore,  that  tllD  heaviest  rain-fulls  at  Lisbon  and  the 
lightest  at  Philadelphia,  are  usually  in  the  Autumn  and  Winter  semester 
the  heaviest  at  Philadelphia  and  the  lightest  at  Lisbon,  in  the  Spring  and 
Summer.  In  ten  years  out  of  the  sixteen,  when  the  rain-fall  of  the  entire 
year  was  above  the  average  at  one  station,  it  was  below  the  average  at 
the  other. 
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American  Weather  NeUi, 
Bt  Plist  Eable  Chase. 
The  signal  service  observations  of  our  War  Department  have  already 
shown  the  value  both  of  Buys  Ballot's  law  and  of  Capt.  Toyn bee's  modi- 
fication in  predicting  changes  of  wind,  especially  if  due  regard  is  paid  to* 
the  barometric  variations  of  the  two  previous  days.  They  have  also* 
suggested  the  following  general  deductions,  some  of  which  may  perhaps 
prove  to  bo  true  only  of  the  winter,  while  others  seem  to  be  explicable  by 
natural  circumstances  of  position  and  physical  configuration,  which  must- 
be  operative  at  all  seasons. 

1.  Winds  varying  like  the  land  and  sea  breezes,  are  often  traceable,, 
especially  in  the  lull  which  follows  the  passage  of  storms,  to  differences  of 
temperature  in  the  neighborhood  of  the  great  lakes,  and  of  mountain 
peaks  and  ridges. 

2.  The  wind,  especially  in  the  Southern  States,  often  blows  directly  in 
the  line  of  the  greatest  barometric  gradient.  But  even  in  such  cases,, 
after  a  few  hours  continuance,  it  tends  towards  the  azimuth  indicated  by 
Buys  Ballot's  law. 

3.  The  isobaric  lines  are,  therefore,  often  of  less  relative  importance- 
than  the  gradients  in  forming  forecasts. 

4.  Long  ridges  of  high  barometer,  as  observed  by  Espy  and  others,, 
with  adjacent  troughs  of  low  barometer,  often  traverse  the  continent, 
sometimes  with  slight  deflection,  sometimes  having  a  semi-circular,, 
circular,  or  elliptical  curvature  with  a  diameter  of  three  thousand  miles- 
or  more.  Such  ridges  usually  have  a  steeper  declivity  and  stronger  winds, 
on  their  northerly  and  easterly  than  on  their  southerly  and  westerly  sides. 

5.  Currents  with  an  anti-cyclonic  tendency,  controlled  by  aiTcas  of  high 
barometer,  are  notably  common.  Reversals  of  wind,  as  from  N.  E.  to  S.  W.,. 
are,  therefore,  frequent  after  the  passage  of  an  anticyclonic  ridge  or  cen- 
tre, as  well  as  after  the  passage  of  a  cyclone. 

6.  Our  recent  storms  have  been  anticyclonic,  and  there  seems  some 
reason  for  supposing  that  anticyclones  are  the  usual  ''  weather-breeders,"* 
even  of  such  of  our  land  storms  as  become  more  or  less  cyelonie  after  they 
are  fully  developed. 

7.  The  precipitation  of  vapor  of  course  gives  rise  to  local  cyclones, 
which,  however,  may  be  easily  and  speedily  overborne  by  the  grand  anti- 
cyclonic whirls  of  a  half  million  miles  or  more  in  area. 

8.  These  and  other  peculiarities,  point  to  a  probable  origin  of  storms- 
in  the  blending  of  polar  and  equatorial  currents,  near  the  latitudes  at 
which  the  general  tendency  of  the  winds  changes  its  direction. 

9.  Mr.  Scott  has  observed  that  when  polar  (E«)  currents  are  blowing  at 
the  North,  and  equatorial  (W.)  currents  at  the  South,  a  serious  baro- 
metrical disturbance,  frequently  resulting  in  a  gale,^  generally  soon  fol- 
lows ;  but  when  the  polar  current  is  at  the  South  and  the  equatorial  at 
the  North  there  appears  to  be  no  law  of  sequence*  The  latter  condition, 
with  us,  seems  often  indicative  of  approaching  fair  weather,  especially  if 
northerly  or  easterly  are  separated  from  southerly  or  wedterly  winds  by  a 
ridge  of  high  barometer. 

10.  If  the  progress  of  a  northerly  or  easterly  current  towards  the  equa- 
tor is  impeded  by  an  intervening  southerly  or  westerly  current,  the  dis- 
turbance not  only  speedily  follows,  as  indicated  by  Mr.  Scott,  but  it  is 
also,  commonly,  like  most  showers,  S.  E.  storms,  and  other  marked  cyclonic- 
commotions,  of  briefer  duration  than  those  which  aiie  primarily  anti- 
cyclonic. 
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SuFPUBMBNT  to  the  ^*  SynopsU  of  the  Extinct  Batrachia  and  Beptiiia  of 
North  America,^ ^ 

By  E.  D.  Cope. 
(Bead  before  the  American  Philosophical  Society,  March  8,  1871.) 
BATRACHIA. 
Sauropleuba  behbx,  Cope. 
Proc.  Acad.  Nat.  Sci.,  Pbila.  1868,  p.  217.     0.  amphiunimuttj  Cope- 
Trans.  Am.  Phil,  Soc.  1869,  17  in  parts. 

A  fine  specimen  of  this  species  recently  sent  me  by  Prof.  Newberry, 
from  Linton,  Ohio,  includes  the  vertebral  column  from  the  hind  limbs  to 
the  end  of  the  caudal  series.  One  of  the  former  is  preserved  and  exhibits 
slender  digits  and  other  characters  like  those  already  described  in  the  8. 
peetinata.  Having  ascertained  that  the  Oestocephalus  amphiuminu8  i>os- 
Besses  no  anterior  limbs,  I  regard  my  reference  of  these  species  to  that  ■ 
|2^enu8  as  premature,  and  will  allow  them  to  remain  in  Sauropleura^ 
where  I  originally  placed  them. 

Oestocephalus  amphiuminub,  Cope. 

Trans.  Amer.  Phil.  Soc.  1869,  p.  17 ;  1.  c.  p.  ii. 

The  bones  formerly  regarded  by  me  as  referable  to  a  rudimental  fore  ■ 
limb  in  this  genus,  appear  to  be  rather  branchiliyals,  and  indicate  the  ex-- 
istence  of  external  branchise. 

COLOSTEtrS  SCUTELLATUS,    Ncwb. 

Ppgopterus  scutellattis,  Newberry,  Proceed.  Ac.  Nat.  Sci.,  Phil.  1856. 
OoloBteus  crassiscutatuSy  Trans.  Amer.  Phil.  Soc.  1869,  23. 

The  original  description  of  this  species  by  Prof.  Newberry  was  over- 
looked, in  preparing  my  account  of  it  above  quoted. 

MOSASAURIDiE. 

LlODON   8ECTORIU8,  CopC,  Sp.  nOV. 

Established  on  a  large  part  of  the  under  and  upper  jaw,  and  other  parts 
of  the  cranium  with  a  vertebra,  from  the  green  sand  of  the  upper  bed  of ' 
the  Cretaceous  of  New  Jersey. 

The  character  which  at  once  distinguishes  this  species  from  other 
Liodons,  and  especially  from  all  the  species  of  Moaasaurus,  is  the  very 
compressed  form  of  the  crowns  of  the  teeth,  which  approach  nearer  in 
this  respect  to  those  of  Diplotomodon,  than  any  others  that  I  have  seen» 
The  vertebra,  a  lumbar,  has  also  subround  articular  faces,  thus  removing 
the  species  from  close  relationship  to  those  with  depressed  vertebrae,  of 
some  of  which  the  teeth  are  unknown. 

In  the  present  specimen  crowns  and  pedestals  of  thirteen  teeth  are  pre- 
served. Those  of  the  mandible  are  most  numerous,  and  display  the  suc- 
oessional  modification  of  form  from  before  backwards  visible  in  other 
species  of  the  family.    The  anterior  teeth  are  less  compressed,  and  hav&- 
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but  one,  an  anterior,  cutting  edge,  the  posterior  face  being  i-egularly 
convex.  Tlie  inner  face  is  much  more  convex  than  the  outer,  and  the 
flatness  of  the  latter  is  marked  at  the  apex  of  the  tooth  by  a  short  ridge 
which  bounds  it  posteriorly.  This  is  a  trace  of  the  bounding  angle  which 
extends  to  the  basis  of  the  crown  in  Mosasaurus.  The  anterior  cutting 
edge  is  in  profile  convex ;  the  posterior  outline  concave  to  near  the  tip. 
The  cutting  edge  is  acute,  and  beautifully  ribbed  on  each  side,  but  not 
properly  denticulate.  The  surface  of  the  tooth  is  not  facetted,  but  the 
outer  face  exhibits  the  peculiarity  of  a  longitudinal  concavity,  or  shallow 
groove  extending  from  the  base  to  the  middle  of  the  crown.  The  enamel 
is  polished,  but  under  the  microscope  minutely  and  extensively  striate 
ridged.  This  description  is  taken  from  the  second  or  third  from  the 
anterior  end  of  the  maxillary  bone.  The  third  from  the  distal  end  of  the 
dentary  is  very  similar. 

The  crowns  become  rapidly  more  compressed  as  we  pass  backwai*ds. 
From  a  broad  oval  section  of  two  crown  bases,  we  reach  a  flattened  oval 
crown,  with  the  cutting  edge  sharp  behind  as  well  as  before,  and  minutely 
ribbed.  The  crown  is  not  facetted,  and  is  more  convex  interiorly  than 
exteriorly.  The  exterior  convexity  is  chiefly  anterior ;  the  posterior  face 
is  slightly  concave  from  the  open  groove  already  described  as  present  in 
the  anterior  teeth.  In  two  posterior  crowns,  one  still  more  elongate  in 
section,  the  external  concavity  becomes  flatter  and  includes  a  great 
part  of  the  outer  face.  A  tooth  still  more  posterior  presents  the  peculiarity 
of  the  species  in  the  strongest  light.  The  crown  is  still  more  compressed, 
directed  backwards,  and  only  .25  higher  than  wide  antero-posteriorly  at 
the  base.  The  latter  is  a  little  over  twice  the  transverse  diameter  just 
behind  the  middle.  The  surface  presents  the  characters  described  in 
others.  The  outer  concave  surface  is  wide  and  shallow,  and  contributes 
to  the  attenuation  of  the  posterior  half  of  the  tooth  rather  than  the  an- 
terior, which  is  consequently  thicker.  The  cutting  edges  are  sharp,  the 
anterior  convex  and  retreating  backwards  to  the  rather  obtuse  apex  ;  the 
posterior  convex  above,  concave  below. 

The  exposed  parts  of  the  dental  pedestals  are  frustra  of  cones,  neither 
swollen  nor  concave. 

Measurements.  M, 

Third  superior  maxillary  length  crown 0.033 

"     height  crown  and  pedestal 048 

'*     longitudinal  diameter  base  crown 02 

"     transverse 013 

Sixth  dentary,  luugitudinal 024 

**  **         transverse 014 

Eleventh  dentary  height  crown 034 

**         height  crown  and  pedestal 0505 

"         longitudinal  diameter  basis  crown 026 

"         transverse  .  • 014 

~The  articular  bone  is  perhaps  .66  the  size  of  that  of  Mosasaurus  dekayi 
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and  presents  less  powerful  development  of  the  interior  ridge  for  the 
pterygoid  muscle.  The  cotylus  descends  abruptly  behind  it.  The  coro- 
noid  bone  exhibits  the  usual  anterior  fissure.  The  rolled  front  margin  of 
the  ascending  portion  is  thickened.  The  superior  surface  of  the  anterior 
part  oZ  the  frontal  bone,  is  lumpy  and  with  some  shallow  pits  ;  the  outer 
face  of  the  articular  is  smooth.  The  vertebra  preserved  is  a  posterior 
lumbar,  and  is  injured  ;  the  anterior  articular  face  is  nearly  round.  Its 
vertical  diameter  is  M.058.    Length  of  centrum  M.058. 

The  forms  of  the  teeth  distinguish  the  Liodon  sectoritis  from  the  species 
of  Mosasaurus,  and  that  of  the  vertebra,  from  such  species  as  Liodon 
perlatus.  Cope,  and  L,  dyspelor,  Cope.  There  remain  to  compare  with  it, 
L.  proriger,  Cope ;  L.  mitcMlUi,  Dekay ;  L,  laevis,  Owen ;  L,  eongrops, 
Coi)e ;  L,  ictericuSy  Cope ;  and  L.  mudgei,  Cope.  In  size  it  will  only 
compare  with  the  first  two  species,  being  from  twice  to  four  times  as 
large  as  any  of  the  remaining  four.  The  flattened  teeth  distinguish  it  at 
once  from  L,  ictericus,  and  the  abrupt  rising  superior  margin  of  the 
articular  bone,  from  the  L,  mudgei,  where  the  upper  and  lower  margins 
are  for  some  distance  parallel.  The  less  compressed  vertebral  centrum 
•distinguishes  it  from  L,  laevis.  From  the  two  large  species,  dental 
characters  separate  it.  Thus  in  L.  proriger  the  teeth  are  less  compressed, 
and  are  facetted,  especially  the  anterior  ones,  with  concave  grooves  sep- 
arated by  obtuse  ribs.  In  M,  mitcMllii  the  teeth  present  more  similarity, 
but  are  abundantly  distinct.  They  are  much  less  compressed,  even  where 
the  posterior  cutting  edge  is  strongly  developed,  the  external  face  is  con- 
vex to  the  apex  and  without  concave  or  flat  facet ;  it  is  narrower  at  the 
base  as  compared  with  the  height,  and  has  an  incurvature  not  seen  in  this 
Liodon.    The  enamel  is  smooth,  and  not  striate  under  the  glass. 

This  and  the  L.  mitchilli  are  the  largest  Liodons  of  the  Eastern  cre- 
taceous. I  have  recently  obtained  three  anterior  dorsal  vertebrae  and  a 
tooth  of  the  latter,  from  the  lower  bed  of  cretaceous  green  sand  near 
Freehold,  N.  J.  The  vertebrae  rival  in  size  those  of  Mosasaurus  dekayi, 
but  are  of  a  more  elongate  form.  The  articular  extremities  are  cordiform 
and  nearly  round,  the  posterior  with  the  smooth  neck  band  just  in  front 
of  its  margin.  In  front  of  this,  the  surface  is  sharply  striate,  especially 
on  the  inferior  aspect ;  the  same  appears  on  the  bases  of  the  diapophysis. 
The  tooth  is  like  one  of  those  described  by  Leidy.    (Cret.  Rept.  PI.  XL) 

The  Liodon  sectorius  was  obtained  by  Judson  C.  Gaskill,  from  the  marl 
pits  of  the  Pembei-ton  Marl  Co.,  at  Birmingham,  N.  J.,  and  liberally 
placed  at  my  disposal  by  him. 

ADOCID^. 
The  species  of  this  family  display  considerable  differences  in  the  nature 
of  the  sutures  of  the  bones  of  the  plastron.  In  the  thickest  species  the 
sutures  are  fine  and  the  processes  very  small.  This  is  especially  the  case 
with  Adocus  pectoralis.  In  A,  beatus  which  is  thinner,  the  sutures  are 
coarser,  but  without  gomphosis  ;  that  between  the  hyo-  and  hypostenial 
elements  looking  as  though  a  slight  mobility  existed  in  life,  as  I  have 
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observed  in  a  former  article.  In  A,  ayntheiieus  the  sutures  are  a  little 
coarser,  aod  in  A.  ayHis  a  further  increase  is  seen,  but  with  but  little 
gomphosis.  In  A.  pramuSy  according  to  Leidy,  there  is  a  little  gomphcMsis, 
but  how  much  is  not  ascertainable  from  his  figure  and  description.  In 
Homoraph%B  insuetus,  a  stouter  turtle,  the  gomphosis  is  very  strongs 
esjMcially  in  the  longitudiual  sutures,  where  the  teeth  are  long  and  stout. 
In  Zygoramma  this  coarseness  of  gomphosis  reaches  a  maximum,  beings 
strong  in  all  the  sutures  of  the  two  species,  except  the  anterior  meso- 
sternal  of 

Ztoobamma  microgltfha.  Cope,  sp.  nov. 

This  large  species  is  represented  by  the  greater  part  of  plastron  aiid» 
half  of  carapace,  with  four  marginal  bones,  of  an  individual  from  the 
New  Jersey  ci'etaceous,  of  two  and  a  half  feet  in  length.  Its  discovery  is< 
interesting  as  enabling  me  to  refer  this  genus  to  the  Adoeida  without 
doubt,  a  point  which  the  specimens  of  the  original  species,  Z,  striatulOy. 
Cope,  left  uncertain.*  The  epistemal  bone  displays  beautifully  the  wide 
intergular  scutum  separating  the  lateral  reduced  gulars.  The  postabdom- 
inal  bone  displays  the  swellings  corresponding  to  the  pubis  and  ischium.. 
The  pectoral  dermal  scuta  advance  medially  on  the  posterior  i>art  of  the- 
mesostemal  bone.  These  characters  are  those  of  Adoeu8,  On  the  other- 
hand  there  is  not  satisfactory  indication  of  the  intermarginal  scuta,  thought 
they  may  exist,  and  the  free  marginal  bones  anterior  to  the  bridge  display 
the  double  articulation,  by  suture  and  gomphosis  characteristic  of  Zygo-^ 
ramma.  It  might  be  here  observed  that  it  is  possible  that  this  structure- 
will  be  found  to  exist  in  species  at  pi'esent  referred  to  Adocus,  A.  agilUy. 
for  example,  where  the  marginal  bones  are  unknown. 

This  species  is  one  of  those  in  which  the  mesostemal  is  received  in  the 
very  open  emargination  of  the  hyostemals,  a  character  indicating  the 
breadth  of  the  former,  and  seen  in  A,  agUis  and  A.  syntJieticus,  The 
bones  are  relatively  thin,  the  marginals  light  and  gently  recurved.  The 
anterior  lobe  of  the  plastron  is  truncate,  the  straight  anterior  margin* 
grooved  lengthwise.  The  posterior  lobe  is  regularly  contracted,  and* 
rounded,  and  with  thin  edge.  The  xiphisternal  and  hyostemal  of  the- 
right  side  have  each  an  oblique  sutural  union  with  the  hypostemal  of  the 
left.  The  mesostemal  is  broader  than  long,  the  posterior  margin  broadly 
truncate,  the  latero-posterior  curved  sigmoidally,  the  anterior  regularly 
convex.  The  episternal  is  but  moderately  thickened.  The  parts  of  the 
hypostemals  on  the  bridge  are  nearly  in  the  plane  of  the  rest  of  the  plastron. 
The  marginal  bones  near  those  of  the  bridge  have  a  thickened  shouldev 
above  within,  into  which  the  slender  costal  processes  are  received  :  they 
thin  out  rapidly  and  are  gently  everted  distally.  More  distal  marginals- 
are  lighter  and  more  everted. 

The  bones  of  the  carapace  include  three  vertebrals  and  numerous 
costals.  The  latter  display  very  weak  capitular  processes,  but  in  none  are^ 
they  entirely  absent.   Neither  they  nor  the  vertebrals  are  thickened.    The 

•  Proceed.  Anier.  Philofl.  Soc,  1870,  &90. 
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^ertebrals  are  short  coffin-shaped,  concave  or  emargiuatc  in  front ;  a  stout 
laminar  neural  spine  supports  the  vertebra  below. 

The  sculpture  of  all  the  bones  is  a  delicate  impressed  punctation,  the 
impressions  forming  lines  or  delicate  grooves  in  some  places.  These  run 
obliquely  across  some  of  the  costals  and  marginals,  and  sublongitudinally 
on  the  posterior  lobe  of  the  plastron.  The  corneous  scuta  have  left  dis- 
tinct impressions.  The  marginals  extended  on  to  the  costal  bones  at  the 
place  of  the  free  marginal  bones.  The  vertebrals  were  a  little  longer  than 
wide,  with  bracket  shaped  lateral  sutures,  and  openly  emarginate  below. 
The  iutergular  plate  was  pentagonal,  with  straight  sides,  and  broader 
than  long.  The  gulars  are  short  and  not  prolonged  very  far  on  the 
outer  margin  of  the  plastron.  The  pectorals  are  narrowed  laterally,  and 
present  a  convex  median  outline  on  the  mesosternum.  The  abdomino- 
-femoral  suture  crosses  a  little  behind  the  middle  of  the  hyposternal  bone. 
The  median  longitudinal  suture  winds  from  side  to  side  on  the  posterior 
lobe  in  the  most  erratic  fashion,  abnormally  no  doubt,  and  the  suture  for 
.the  anals  is  anterior,  convex  in  front,  sigmoid  at  the  sides. 

Memurements.  M, 

Length  of  plastron  (restored) 0.457 

"        from  front  to  postabdominal  suture 34 

**  **  to  (right)  hyposternal 195 

**  **  to  hyosternal , 104 

**  "  tomesostemal 038 

1/Vidth  at  mesostemal 194 

"      of  "         095 

"      at  postabdominal  suture 22 

Thickness  of  mesostemal  behind ,  .0116 

**         of  hyposternal  medially 0158 

Width  of  average  costal  at  vert,  scute  suture 055 

Thickness  of  same Oil 

Total  length  adjacent  vertebral 066 

Greatest  width 036 

Width  do.  at  end 022 

Length  of  firi^t  free  marginal  from  bridge 0655 

Width  of  do 10 

Thickness  proximally 0175 

**         of  a  free  marginal  proximally 01 

Width  "  "  075 

Length  "  "  0548 

The  type  specimen  of  this  species  is  about  twice  the  size  of  that  of  Z. 
Mriaiula.  It  also  differs  in  some  respects  which  might  be  attributed  to 
age,  as  the  greater  recurvature  of  the  marginal  bones  and  the  greater  ex- 
tent or  prolongation  of  the  thickening  on  the  inside  of  the  marginals  next 
the  bridge.  But  there  are  others  which  appear  to  be  specific.  Thus 
there  is  very  little  evidence  of  cross-union  of  sternal  elements  in  the  Z* 
Mriatula,  and  the  sculpture  is  twice  as  coarse  and  so  much  more  marked. 


Digitized  by 


Google 


Cope]  "*"  [March  3^ 

The  pegs  of  the  costal  gomphosis  are  absolutely  twice  as  large,  and. 
relatively  still  larger.  I  therefore  believe  this  specimen  to  represent 
another  species.  Besides  the  sutural  characters,  those  of  the  intergular 
scuta  separate  this  species  from  Adocua  beatus.  In  the  latter  that  scute  is 
urceolate,  and  the  gulars  sickle-shaped,  being  produced  backwards  on  the 
margins  of  the  episternal  or  clavicular  bones.  In  A.  syntTieticus  the 
intergular  is  narrower,  and  convex  behind,  the  mesostemum  is  augulate 
posteriorly,  and  the  plastron  much  thicker.  Ii\  A.  agilis  the  plastron  is 
nearly  similar  in  thickness,  but  the  mesosternum  is  angulate  behind,  and 
is  narrower,  and  the  sculpture  very  much  coarser. 

The  Z,  microglypha  was  found  by  my  friend,  Judson  Gaskill,  in  the- 
marl  excavations  under  his  direction,  at  Birmingham,  N.  J. 

AGOMPHUS,  Cope. 
This  name  is  proposed  for  a  genus  of  Testudtnata  heretofore  not  recopf- 
nized.  It  appears  to  belong  to  the  EmydidcR  so  far  as  known,  but  to 
differ  from  them  in  lacking  the  articulation  of  costal  and  marginal  bones 
by  gomphosis,  characteristic  of  the  existing  genera  of  the  family.  It 
does  not  appear  to  differ  in  any  other  point  so  far  as  known.  The  type 
species  is  Agomplius  turgidun.  Cope  {Emya  Trans.  Amer.  Phila,,  1870, 
137) ;  others  from  the  cretaceous  of  New  Jersey  are  A.  flrmus,  Leidy  (1.  c.  • 
126)  and  A.  petro8u,%  Cope,  (1.  c.  126). 

(?)  PROPLEURID^E,  Cope. 

Sillim,  Amer,  Journ.  8cL  ArU,  1870,  {L)  137-8. 

Catapleura  ponderosa.  Cope,  spec.  nov. 

This  turtle  is  represented  by  two  posterior  marginal  bones,  six  costals,. 
a  hyposternal,  scapula  and  procoracoid,  and  femur  and  humerus,  all  more 
or  less  fi-actured. 

The  marginals  are  the  caudal,  and  adjoining  one  of  the  right  side. 
They  both  present  a  suture  for  the  pygal  vei-tebral,  and  the  lateral  pre- 
sents also  a  pit  for  articulation  by  gomphosis  with  the  last  costal  bone. 
They  are  of  heavier  form  than  those  of  any  other  species  of  the  group. 
The  hyposternal  has  had  no  sutural  union  with  the  hyosternal  unless  ex- 
teriorly ;  this,  if  existing,  has  been  slight.  The  shaft  of  the  humerus  is 
contracted  and  nearly  cylindrical ;  the  great  trochanter  of  the  femur  is 
little  elevated,  and  not  continuous  in  the  plane  of  the  head,  but  separated, 
from  it  by  a  depression. 

The  above  characters  express  the  generic  relationships  of  this  type. 
The  gomphosis  with  the  last  lateral  marginal,  as  well  as  the  lack  of  union 
of  the  lateral  elements  of  the  sternum  separates  it  from  Osteopygis ;  their 
union  is  more  extensive  than  in  Propleura  sopita.  This  would  not  prevent 
the  generic  unity  of  the  two,  were  it  not  for  the  additional  characters  of 
a  slender  shafted  humerus,  and  probably  broad  short  mandible  with  long 
symphysis.  In  P.  sopita  the  rami  are  slender,  and  the  sympysis  short.  The 
characters  are  niucli  like  those  of  Catapleura  repanda,  and  I  aiTange  it 
with  that  species  until  better  information  compels  a  change. 
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The  caudal  marginal '\s  strongly  concave  below,  convex  above,  the 
margin  little  recurved.  The  anterior  outline  is  convex  medially,  with 
straight  continuations  at  right  angles  to  each  lateral  suture.  A  portion 
of  the  edge  is  broken  ofif.  Lateral  marginal  strongly  and  openly  emar- 
ginate,  surface  not  convex  as  in  the  median.  Both  are  massive  as  in 
Agomphus  firmus  and  allies.  The  union  with  the  pygal  ceases  behind 
the  costal  pit. 

The  eostah  are  thick  and  considerably  curved  transversely  to  the  verte- 
bral axis,  the  rib  heads  are  unusually  large  and  prominent  and  sub- 
cylindric  in  section.  The  rib  ridge  is  more  elevated  and  rounded  in 
section  than  in  any  other  species. 

The  JiypoUernal  is  from  the  left  side.  It  exhibits  the  fi*ee  articulation 
for  the  xiphistemals ;  the  posterior  margin  is  thinned  out,  while  the 
anterior  is  more  abruptly  rounded,  and  without  trace  of  hyosternal 
suture.  The  external  face  is  distally  rayed  with  narrow  ridges.  The 
common  peduncle  of  the  scapula  and  procoracoid  is  short  and  wide,  the 
sutural  face  for  the  coracoid,  subtriangular. 

The  bicipital  ridge  of  the  humerus  is  as  usual  at  right  angles  to  the 
head,  and  is  thin  and  Hat.  The  plane  of  the  inner  crest  makes  an  open 
angle  with  the  outer ;  its  base  is  less  distant  from  the  shaft  than  that  of 
the  outer.  The  great  trochanter  diverges  somewhat  from  the  plane  of 
the  axis  of  the  head  of  the  femur.  The  latter  overhangs  the  shaft  be- 
hind ;  the  latter  is  curved,  and  beyond  the  middle  subquadrate.  In  this 
as  in  the  humerus,  one  of  the  two  crests  is  continued  as  a  ridge  along  the 
shaft. 

Measurement,  3f. 

Length  caudal  marginal O.OG 

Wid  th .08 

Thickness 0017 

Width  second  ?  costal  bono 082 

Thickness  do.  at  centre 013 

Width  hypostemal  at  middle 064 

Thickness  do.  near  anterior  margin 012 

Length  free  portion  of  a  rib 018 

Diameter  (long)  head  humerus 037 

**  **      shaft        **       015 

"  **      head  femur 033 

**  "      shaft     *'     016 

Width  mandible  at  symphysis  at  right  angles  to  margin . .  .034 
Thickness  mandible  at  symphysis  posteriorly Oil 

Accompanying  the  above  remains  were  those  of  a  small  chelydrine 
turtle,  and  of  a  Taphrosphys^  and  a  portion  of  the  mandible  of  a  species 
allied  to  Lytoloma  augusta  and  other  species.  Its  size  relates  well  to  the 
other  bones  of  the  Catapleura  ponderosa,  and  I  suspect  that  it  belongs  to 
that  species.  It  has  the  expanded  form  with  slightly  recurved  alveolar 
margin,  of  this  group;  the  masseter  fossa  is  strongly  marked  ;  the  dental 
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foramen  opens  almost  sapenorly ;  the  posterior  itiargin  of  the  jaw  is 
deeply  grooved. 

The  C.  ponderoaa  differs  from  (7.  repanda  in  its  rounded  instead  of 
flattened  rib-ridges  on  the  inferior  surface  of  the  costal  bone,  and  in  the 
different  proportions  of  the  crests  of  the  femur.  The  lesser  trochanter  in 
the  latter  is  more  robust,  and  less  narrowed  and  prolonged  as  a  ridge  on 
the  shaft.  The  proximal  half  of  the  shaft  is  straight ;  in  (7.  pondero»a 
curved. 

This  species  was  discovered  by  John  G.  Miers,  a  gentleman  who  has 
already  enriched  palaeontology  with  many  interesting  forms.  From  the 
upper  bed  of  Cretaceous  green  sand  at  Hornerstown,  New  Jersey. 

In  the  nomenclature  of  the  elements  of  the  plastron  of  the  Testudinata, 
I  will  in  future  adopt  in  part  that  proposed  by  Parker  (on  the  shoulder 
girdle  Roy.  Society,  1869),  who  has  shown  after  Kathke  that  the  posterior 
pieces  do  not  belong  to  the  sternum.  The  bones  from  front  backwards 
should  then  be  named,  clavicle  (^'episternar'),  mesosternal,  hyosUmal^ 
hypoBternal,  and  poatabdominal  ^  xiphisternal "). 

CROCODILIA. 

BOTTOSAUBUS  MACBORHYNCHus,  Harlan. 

C7.  Tiarlam,  Meyer.    Bottosaurus  Tiarlani,  Agaes.,  Leidy,  Cope. 

The  present  state  of  knowledge  of  this  rare  species  and  genus  involve 
some  confusion,  and  I  propose  here  to  set  it  to  rights  in  a  brief  manner. 
This  is  rendered  easy  by  the  discovery  of  the  almost  complete  skeleton  of 
a  nearly  grown  individual,  in  the  upper  bed  of  cretaceous  green  sand. 

Following  my  predecessors,  I  regarded  the  Crocodilus  basitruncatus  of 
Owen  as  this  species,  in  the  synopsis  Batr.  Kept.  N.  Am.,  18G9,  p.  65, 
but  with  expression  of  considerable  doubt.  At  page  231  of  the  same 
work,  I  distinguished  the  species  of  Owen  as  a  true  JIolops,  As  I  had  sup- 
posed the  cervical  vertebras  to  present  the  characters  of  JlolopSy  the 
assignation  of  the  specimens  on  which  this  opinion  was  founded  to  a 
species  of  that  genus,  left  an  entire  uncertainty  as  to  their  character  in 
Botto8auru8.  The  discovery  of  a  series  of  vertebrae  as  above  mentioned, 
settles  that  their  structure  is  not  that  of  the  other  cretaceous  genera,  but 
that  of  the  Tertiary  and  recent  forms,  t\  e.,  that  the  hypapophysis  of  the 
oervicals  are  produced  and  undivided  to  the  axis.  Deducting  the  errone- 
ously supposed  character,  there  remains  one  curious  feature  to  distinguish 
this  form  from  the  recent  Alligator,  The  fangs  of  the  teeth  posterior  to 
the  eleventh  are  not  enclosed  by  the  dentary  bone,  but  are  exposed  to  the 
inner  face  of  the  splenial.  How  far  the  latter  protects  them  the  nature 
of  the  specimen  does  not  allow  me  to  decide. 

It  remains  to  correct  the  specific  relations  of  this  crocodile.  At  page 
230  of  the  above  work,  I  described  a  new  species  of  BottoaauruSy  under 
the  name  of  B.  tuberculatuSy  establishing  it  on  remains  of  cranium  of  one 
individual  and  those  of  the  posterior  parts  of  a  skeleton  of  another.  The 
anterior  part,  with  jaws  of  the  latter  having  fortunately  been  recovered 
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as  above  mentioned,  and  placed  in  my  hands,  I  find  that  the  animal  be- 
longs to  the  original  B.  macrorhynchuSt  and  that  the  first  jaw  and  teeth 
represent  an  individual  of  another  species,  which  will  bear  the  name  of 
B,  tuherculatua.  It  differs  from  the  first  named  in  the  acute  or  conic  form 
of  the  crowns  of  some  of  the  teeth,  and  probably  in  the  much  smaller 
size. 

In  addition  to  the  generic  peculiarities  already  mentioned,  this  species 
exhibits  a  disparity  between  the  lengths  of  the  centra  of  the  lumbar  and 
cervical  vertebrae,  which  is  unusual ;  compare  the  measurements  below 
with  those  given  for  the  remainder  of  the  same  animal  as  above  cited. 

The  hypapophysis  of  the  dorsal  vertebi-ae  are  long,  with  parallel  sides, 
and  oval  in  section.  In  that  one  where  the  capitular  articular  face  is 
near  the  suture  of  the  neural  arch,  the  articular  cup  is  entirely  round, 
and  its  margin  flared  out  regularly  to  the  capitular  surface.  The  neura- 
pophyses  are  narrow,  and  the  anterior  zygapophyses  directed  very  obliquely 
downwards. 

The  eermcaU  are  not  only  shortened,  but  diminish  very  much  in 
diameter  anteriorly,  and  the  cup  continues  round.  The  hypapophysis  is 
verv  stout  on  the  anterior,  more  compressed  on  the  posterior  vertebrae. 
The  neurapophysial  articular  faces  have  the  usual  rugose  anterior  and 
radiate  crested  posterior  areas,  but  are  short  and  wide,  and  the  anterior 
area  has  an  oblique  concavity  extending  across  it  outwards  and  anteriorly. 
The  posterior  area  is,  however,  the  more  deeply  grooved,  especially  on 
the  lumbar  vertebrae. 

The  rami  of  the  mandible  are  preserved  nearly  entire.  The  large  ex- 
ternal foramen  between  the  dentary,  angular,  and  articular  bones,  exists 
as  also  the  smaller  one  on  the  inner  face  of  the  ramus.  The  rami  are 
hollow  and  thin  walled,  though  of  very  stout  form.  The  anterior  teeth 
extend  along  the  outer  margin  of  the  dentary  and  then  cross  to  the  inner 
side,  the  teeth  from  the  twelfth  to  the  eighteenth  or  last  being  separated, 
the  first  by  rudimental  septa  the  latter  by  mere  low  ridges.  Six  of  these 
teeth  are  exposed  without  osseous  wall  on  the  inner  face,  and  that  for  the 
anterior  tooth  is  probably  incomplete.  The  whole  length  of  the  ramus  is 
about  twenty-eight  and  a  half  inches.  It  is  elevated  at  the  position  of  the 
tooth  usually  called  the  inferior  canine  ;  this  may  be  made  to  appear  like  an 
external  expansion  by  rotating  the  ramus  outwards  (seeLeidy  Cretaceous 
Kept.  U.S.,  Tab.  IV.  ^q.  20).  There  is  another  elevation  at  the  seventh 
tooth  behind  this  point,  and  a  concave  curve  to  the  elevation  of  the 
articular  bone.  The  angle  of  the  jaw  is  prominent.  The  cutting  edgo 
is  rather  obtuse  and  delicately  ridged  transversely ;  the  rest  of  the  crown 
is  rugose-striate. 

Measurements^  M, 

Length  ramus  mandible 0.780 

Length  series  of  last  seven  teeth 160 

Depth  ramus  at  twelfth  tooth  (from  front) 084 

"  at  external  foramen 145 
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Measurements,  M. 

Length  centrum  anterior  lumbar 055 

Diameter  cup  do 042 

**  neurapophysis  do 043 

"  dorsal 027 

"  cup  of  centrum  **     .085  ^ 

Length  base  hypapophysis 03 

Length  centrum  median  cervical 051 

Width  cup  •*  **         037 

Depth     "  "  **        035 

**         "        anterior  "         029 

Width    '*  "  **         032 

"        between  post.  marg.  parapophyses 045 

Depth  of  centrum  to  lower  edge 04 

Bottosaurus  macrorhj/nchus,  Harl.,  was  then  a  crocodilian  with  a  body 
of  the  proportions  of  our  alligator,  but  with  larger  legs,  and  relatively  con- 
siderably larger  head.  The  cranial  bones,  however,  are  much  less  massive, 
as  though  to  reduce  the  weight  which  would  prove  inconvenient  to  a  body 
of  no  larger  size.  The  bones  of  the  mandible  are  thin  and  enclose  large 
pneumatic  cavities ;  the  teeth  are  hollow  and  with  thin  walls. 

I  am  indebted  to  Judson  C.  Gaskill  for  the  opportunity  of  examining 
this  interesting  fossil. 

DINOSAURIA. 

Hadrosaurus  CAVATTJ8,  Cope,  sp.  nov. 

This  species  is  indicated  by  remains  derived  from  the  upper  green  sand 
bed  of  the  upper  Cretaceous  of  New  Jersey.  They  belong  to  an  individ- 
ual of  the  gigantic  proportions  characteristic  of  the  four  known  species 
of  the  genus.  It  is  smaller  than  H,  tripos  or  R,  occidentalis,  and  in  a  less 
degree  smaller  than  the  H.  foulkei.  The  remains  consist  of  four  caudal 
vertebrae  from  the  median  part  of  the  series,  three  of  them  exhibiting 
rudiments  of  the  diapophyses.  In  two  of  them  the  neural  arch  i-emains, 
one  with  the  spine,  and  the  articular  prominences  for  the  chevron  bones 
are  nearly  complete. 

The  first  character  which  is  observed  in  these  vertebrae  is  their  opistho 
coelian  articulation.  The  posterior  concave  face  is  marked  by  a  more  or^ 
less  prominent  elevated  band  descending  from  the  end  of  the  floor  of  the 
neural  canal,  and  which  is  sometimes  grooved  medially.  The  convex  ex- 
tremity is  swollen  in  the  middle,  most  especially  so  at  three  points,  and  a 
jrroove  or  depressed  baud  which  has  less  than  one  fourth  the  width  of  the 
centrum,  extends  round  the  margin  outside  of  it.  The  general  form  of 
the  extremities  is  rounded  hexagonal,  the  anterior  a  little  depressed,  the 
posterior  a  little  compressed.  The  sides  of  the  centra  are  quite  concave. 
The  chevron  articular  projections  are  quite  prominent,  terminating  ante- 
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riorly  in  a  low  ridge  which  extends  to  near  the  anterior  face.  At  the  latter 
position  chevron  articuar  faces  are  either  wanting  or  very  little  marked. 
The  centra  exhibit  no  lateral  angulation ;  the  thh'd  from  the  anterior  has 
a  trace  in  a  longitudinal  fulness  above  the  middle  of  the  side ;  the  last,  the 
same,  below  the  middle  of  the  side.  The  margins  of  the  extremities  are  well 
flared.  The  neural  canal  is  a  little  compressed  and  deeply  excavated  in 
the  centrum.  The  surface  of  the  centrum  is  only  rugose  at  the  base  of  the 
diapophysis.  The  general  form  viewed  laterally  is  subquadrate,  the 
anterior  vertebra  a  little  deeper  than  long,  the  posterior  a  little  longer 
than  deep. 

Measurements,  M. 

Length  centrum  of  anterior 0.66 

Depth  posterior  face 071 

Width  "        084 

**      of  both  chevron  processes 05 

**      of  neural  canal 023 

Depth  neural  canal 023 

Length  neurapophysis 04 

Third  vertebra,  depth  posteriorly. 071 

"     depth  posteriorly  with  chevron  process 078 

Fourth  vertebra,  width  centrum  behind 075 

"  depth  **  066 

"  *'    with  chevron  process 074 

Width  neural  canal 02 

"  **        spine 025 

**      neurapophysis. 034 

The  measurements  of  depth  of  centrum  are  made  from  the  floor  of  the 
neural  canal,  not  from  the  upper  margin  of  the  superior  lateral  projections 
of  the  articular  faces. 

As  in  if.  foulkety  the  neural  spines  have  a  small  antero-posterior  diam- 
eter, and  the  zygopophyses  are  little  developed.  The  anterior  are  sub- 
acuminate  and  more  or  less  joined  together.  As  the  neural  spine  is  very 
oblique,  the  posterior  zygapophyses  are  above  a  point  behind  the  articular 
extremity  of  the  centrum. 

This  species  differs  at  once  from  the  R.  tripos,  H.  foulkei  and  H,  miner 
in  the  opisthocoelian  vertebrsB,  resembling  in  this  respect  the  H,  ocei- 
dentalis  (Thespesius,  Leidy).  The  latter  differs  from  H,  cavaius  in  the 
development  of  the  chevron  articulation  equally  on  both  adjacent  centra, 
instead  of  on  the  posterior  extremity  only.  In  E",  foulkei  and  H,  tripas 
this  double  junction  of  chevrons  extends  to  the  extremity  of  the  caudal 
series,  adding  another  important  ground  of  difference  between  them  and 
the  H.  eavatus.  The  single  caudal  vertebra  of  H.  occidentalis  known,  is 
like  that  of  the  former  species  in  this  respect,  but  there  is  no  certainty 
that  the  structure  continues  the  same  throughout  the  caudal  series,  and 
that  the  distal  vertebrae  may  not  be  like  those  of  H,  eavatus  in  this  re- 
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spect.  It,  however,  further  differs  in  the  relatively  more  compressed  or 
oval  centrum,  and  much  greater  size.  From  II.  minor  the  present  reptile 
differs  in  the  opisthocoelian  vertebrae,  the  known  caudals  of  the  former 
having  plane  articular  surfaces,  and  in  the  much  larger  size.  It  is  not 
possible  to  compare  similar  parts  of  this  species  and  the  Ornithotarstis 
immanis,  Cope,  but  the  larger  size  and  much  lower  stratigrapliic  horizon 
of  the  latter  renders  their  identity  very  doubtful. 

Should  the  genus  Thespesius  of  Leidy  turn  out  to  be  well  catablished, 
the  present  species  will  enter  it.  I  am  not,  however,  entirel}'  satisfied  that 
the  difference  in  the  form  of  the  articular  faces  of  the  caudal  vertebrae  is 
such  as  Indicates  generic  difference.  It  was  on  this  ground  that  I  refeiTcd 
this  form  to  Hadrosaurus  (in  Synopsis  Extinct  Batr.  Kept.  N.  Amer., 
p.  98),  and  not  from  misapprehension  of  Leidy' s  definiiion  of  it,  as  the 
latter  supposes  (Proceed.  Aca.  Nat.  Sci.,  1870,  p.  67). 

The  rather  slight  material  above  described  is  fortunately  so  character- 
istic as  to  enable  us  to  establish  satisfactorily  the  existence  of  another 
monster  of  tlie  remarkable  group  of  the  Dinosauria ;  beings,  whose  ap- 
pearance and  structure  have  rivalled  the  strangest  creations  of  the 
imagination,  and  shown  again  what  every  other  page  of  the  book  of 
nature  teaches,  that  reality  is  stranger  than  fiction. 

On  Two  extinct  forms  of  Physoatomi  of  the  Neotropical  Region* 

By  E.  D.  Cope,  A.  M. 

{Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

Fam.  ELOPID^. 

Prymnetes,  Cope. 

Dorsal  fin  above  the  anal  with  short  basis  and  very  elongate  rays  ;  the 

posterior  ray  free   and   longer   than  the  others.      Ventrals  posterior. 

Vertebrae  with  deep  lateral  grooves,  disproportionally  numerous  in  the 

abdominal  region,  viz. :  Abd.  49,  caudal  18.     Tail  deeply  bifurcated,  its 

exterior  or  supporting  rays,  like  those  of  the  dorsal,  ventral  and  pectoral, 

very  stout  and  obliquely  segmented.  Head  short,  mouth  (in  the  specimen) 

inferior  ;  teeth  simple,  small.     Scales  with  many  concentric  grooves  and 

a  few  radii  on  the  proximal  portion.     No  lateral  line  discoverable. 

The  pertinence  of  this  genus  to  the  Elopidae  is  indicated  in  various 
ways.  The  general  form  is  that  of  Elops  and  Megalops,  and  the  normal 
and  supernumerary  ribs  are  quite  as  in  the  former.  The  interneural 
spines  extending  from  the  head  to  the  dorsal  fiu,  are  quite  like  those  of 
the  same  g^nus.  It  differs  from  both  in  the  posterior  position  of  dorsal 
fin,  and  relatively  numerous  abdominal  vertebrae.  From  Mops  it  differs 
especially  in  the  long  posterior  lash-like  ray  of  the  dorsal,  and  the  deeply 
grooved  vertebrae. 

Prymnetes  lon given  tbr,  Cope,  sp.  nov. 
Established  on  a  very  fine  and  nearly  perfect  specimen,  preserved  on  a 
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block  of  lime  slate  from  Chiapas,  Mexico.  The  body  is  seen  in  profile,^ 
but  the  head  has  been  pressed  from  above,  and  the  view  is  therefore 
oblique. 

The  general  form  is  elongate.  The  pectoral  fins  are  inserted  at  the 
pectoral  plane,  and  are  of  moderate  length.  The  ventrals  are  short  and 
small.  It  is  uncertain  whether  they  reach  the  anal,  as  the  anterior  part 
of  that  fin  is  destroyed.  From  the  small  number  of  interhsBmal  spines, 
the  anal  lias  probably  had  a  short  basis.  Caudal  lobes  narrow.  A  strong 
horizontal  interneural  spine.  The  anterior  interneurals  are  like  those  of 
Megalops,  slender,  gently  curved  rods,  apparently,  but  not  really  contin- 
uous with  the  neural  spines  in  some  places!  The  dorsal  fin  laid  back- 
wards extends  to  the  emargination  of  the  caudal.  The  vertebrae  near  the 
head  are  not  altered.  There  appears  to  have  been  a  laminiform  crest  on 
the  head,  but  the  bones  thus  described  may  be  those  of  the  opposite  side 
of  the  cranium.  The  muzzle  appears  to  be  contracted  and  projecting 
beyond  the  mouth.  Three  narrow  obtuse  teeth  appear  on  the  edge  of 
the  premaxillary  bone.  Dentary  bone,  stout.  Orbit,  round,  large; 
entering  4.66  times  the  head  to  the  posterior  margin  of  the  operculum, 
and  1.33  times  the  length  of  the  muzzle.     Operculum  rounded. 

Radii ;  D.  2.  13.  1,  C.  ?.  ?.  6,  6,  A.  ?  V.  ?  I.  7.  P.,  apparently  not 
numerous,  but  very  numerously  divided.  There  are  about  twenty-five 
longitudinal  series  of  scales  at  a  point  a  short  distance  anterior  to  the 
ventral  fins. 

M. 

Total  length 0.530 

Length  to  orbit 024 

Vertical  diameter  of  orbit I   .018 

**  dentary  bone 016 

Length  to  opercular  border 086 

"        ventral  fins 310 

''        dorsal     ** .363 

''        basis  caudal 380 

Depth  at  pectoral  fins 085 

ventral      "  074 

*'  posterior  margin  dorsal 04 

"  basis  caudal 02 

This  species  was  found  near  Tuxtla  Chiapas,  Mexico,  by  Dr.  J.  Berendt, 
and  by  him  sent  to  the  Smithsonian  Institution.    Mus.  No.  9819-20. 

Fam.  (?)  CHARACINIDuE. 

ANiEDOPOGON,  Cope.  • 

Mouth  opening  almost  vertically  upwards.  Dentition  weak,  consisting 
of  lancet  shaped  teeth  on  the  dentary  and  premaxillary  bones ;  maxillary 
without  or  with  minute  teeth.  Post-temporal  bone  large.  Scales  with  few 
radii,  no  concentric  grooves  or  cells. 
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The  pertinence  of  this  genus  to  the  Characinidce  cannot  be  considered 
as  entirely  established,  as  the  specimen  described  does  not  display  any 
of  the  fins.  The  appearance  is  not  unlike  that  of  OUeoglossum^  but  the 
structure  of  the  scales  distinguishes  it.  The  great  development  of  the  6ub- 
and  postarhital  hones,  and  small  size  of  the  preorbital,  distinguish  it  as 
allied  to  the  Characins.  Its  dentition  and  general  form  approach  the 
genus  Anacyrtus  Miill.  but  it  is  at  the  same  time  distinguished  by  the  lack 
of  maxillary  teeth.  In  addition,  it  appears  to  lack  the  anterior  inter- 
neural  spines  found  in  so  many  Characin  and  Clupeoid  genera,  and  in 
families  allied  to  them.  They  are  at  least  not  apparent  on  the  faces  of 
two  fractures  across  the  vertebral  column.  Three  vertebras  are  exposed 
throughout  their  length.  They  are  longer  than  deep,  and  exhibit  the 
two  lateral  grooves  common  to  so  many  Teleosts.  The  only  scales  pre- 
served are  those  above  the  pectoral  fins,  with  but  few  above  the  vertebral 
column.  None  of  these  present  traces  of  the  lateral  line.  The  clavicle 
makes  a  right  angle  with  its  inferior  limb,  and  with  the  coracoid,  and  is 
produced  backwards  at  the  base  of  the  pectoral  fin.  The  epiclavicle  and 
post-temporal  are  wide  bones.  The  operculum  is  developed  upwards  to 
the  epiotic,  and  the  interoperculum  is  present.  A  fragment  represents 
the  suhoperc^ilum,  which  was  probaly  a  narrow  bone.  The  coracoid  was 
a  broad  vertical  lamina,  extending  horizontally  forwards  to  below  the  pre- 
operculum. 

Anjedopogon  tenuidens,  Cope. 

Orbit  round,  its  diameter  entering  the  length  of  the  head  five  times, 
and  a  little  exceeding  that  of  the  muzzle  and  closed  under  jaw.  The  pro- 
file is  gently  descending  and  perhaps  slightly  concave  ;  the  symphysis 
mandibuli  is  very  stout  and  presents  an  angle  outwards ;  the  inferior 
margin  of  the  dentary  is  slightly  convex.  The  maxillary  bone  is  slender. 
The  suborbital  bones  together  form  a  shield  deeper  than  wide  ;  with  the 
postorbitals  they  reach  the  preoperculum.  The  head  increases  rapidly  in 
depth.  The  scales  are  large,  and  extended  below  the  operculum  on  the 
sides  of  the  coracoid  region.  They  have  smooth  margins,  and  are  every- 
where quite  thin.  The  surface  is  glistening,  and  in  some  scales  exhibits 
under  the  microscope  delicate  parallel  lines  which  separate  short  concave 
lines.  The  middle  of  the  scale  is  marked  with  obtuse  tubercular  radii,  or 
small  or  minute  tubercles. 

Measurements,  M, 

Length  of  head 0.14 

"        of  mouth 061 

"        of  coracoid  bone 091 

Depth  head  at  eye 093 

''         *  "      vertex 126 

*'    suborbital  bone 044 

Six  series  of  scales  between  basis  of  pectoral  fin  and  vertebral  column. 
A  mandibular  tooth  is  lancet  shaped,  and  with  minutely  striate  enamel. 
A  premaxillary  is  more  conic ;  both  are  rather  small. 
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This  species  may  have  more  affinities  with  Amia  than  with  the  Chara- 
c%nid<B,  A  single  specimen  was  obtained  in  a  clay  nodule  by  the  naturalists 
of  the  U.  3.  Paraguay  Expedition  under  Capt.  Page,  from  the  neighbor- 
hood of  Para.  It  was  accom;ianied  by  several  specimens  of  a  fish  from 
other  nodules,  which  closoly  resembles  an  Aspidorhynehus,  Museum  of 
the  Smithsonian  Institution. 


On  the  occurrence  of  fossil  CohitidcB  in  Idaho. 

By  E.  D.  Cope. 

{Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

Of  the  five  genera  of  extinct  Cyprinidsd  and  allied  forms  discovered  by 
Capt.  Clarence  King  *  in  the  fresh  water  deposit  of  Catharine's  Creek, 
otc,  Idaho,  the  writer  has  been  able  to  indicate  the  affinities  of  three. 
Thus  Semotilus,  Anchyhopsis  and  Mylocyprinus,  were  regarded  as  repre- 
sentations of  existing  types  of  both  carnivorous  and  herbivorous  habits. 
Oligobelus  and  Diastichus  were  not  assigned  to  any  definite  position  iu 
relation  to  known  types  of  the  same  great  group,  and  I  am  still  compelled 
to  leave  the  former  in  the  same  uncertain  position.  Diastichus  I  find,  on 
the  other  hand,  presents  the  peculiar  direction  of  the  pharyngeal  teeth 
which  is  characteristic  of  the  CobitidcR,  and  I  suspect  that  it  represents  a 
form  of  that  family.  I  am  entirely  confirmed  in  this  conclusion  by  the 
discovery,  among  the  specimens  submitted  to  me  by  the  Smithonian 
Institution,  of  the  inferior  element  of  the  three  modified  anterior  vertebi'SB, 
which  are  so  characteristic  of  certain  families  of  the  Physostomous  fishes. 
This  portion,  moreover,  is  that  which  occupies  this  position  among  the 
Cobitidci  only  among  them.  It  consists  of  a  longitudinal  plate  terminat- 
ing posteriorly  in  a  bladder-like  chamber  on  each  side,  each  of  which  is 
closed  below  by  a  transverse  process  of  the  inferior  plate  :  an  angular 
fissure  extends  round  the  ends  of  these,  and  at  the  angle  sends  a  short 
continuation  upwards.  This  is  quite  similar  to  what  is  observed  iu 
Cobiiis,  The  specimen  described  is  apparently  adult,  and  indicates  a  con- 
siderably smaller  species  than  either  the  Diastichus  macrodon  or  D, 
parvidens. 

The  occurrence  of  Cobitidse  is  perhaps  the  most  interesting  fact  brought 
to  light  by  the  examination  of  these  extinct  fishes.  All  of  the  numerous 
eJListing  species  are  found  in  the  Eastern  Hemisphere,  and  the  great 
majority  in  tropical  Asia,  a  few  only  occurring  in  Europe  and  South 
Africa.  Extinct  species  are  found  in  the  Miocene  of  Oeningen.  We  have, 
then,  in  the  genus  Diastichus  another  example  of  the  occurrence  of  Asiatic 
types  in  North  America  prior  to  the  glacial  epoch,  and  as  in  a  freshwater 
fish,  strongly  suggestive  of  continuity  of  territory  of  the  two  continents. 

*See  Proceed.  Amer.  Philos.  Soc.  1870,539. 
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2\lote8  relating  to  the  Physical  Geography  and  Geology  of,  and  the  Biatribu- 
lion  of  Terrestrial  MbUusca  in  certain  of  tJie  West  India  Islands, 

By  Thomas  Bland. 

(Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

In  1861  I  published  (Ann.  Lye.  Nat.  Hist.,  N.  Y.  VII.)  a  paper  on  the 
Geographical  distribution  of  the  genera  and  species  of  land  shells  of  the 
West  India  Islands,  and  in  1866  (American  Jour,  of  Conchology,  I.)  fur- 
ther papers  on  the  same  subject.  From  a  study  of  such  distribution, 
without  reference  to  the  Physical  (Geography  or  Geology  of  the  Islands,  I 
arrived  at  the  conclusion  that  they  may  be  divided  into  the  five  following 
provinces  or  sections,  each  having  a  distinct  faunal  character,  viz. : 

I.  Cuba  with  the  Isle  of  Pines,  Bahamas,  and  Bei*mudas. 

II.  Jamaica.  • 

III.  Haiti. 

IV.  Puerto  Rico  with  Vleque,  the  Virgin  Islands,  Sombrero,  Anguilla, 
St.  Martin,  St.  Bartholomew,  and  St.  Croix. 

V.  The  Islands  to  the  south  of  those  last  mentioned,  to  and  inclusive 
of  Trinidad. 

I  remarked  that  the  Islands  to  the  West  of  Puerto  Rico  have  the  greater 
generic,  as  well  as  specific  alliance  with  the  North  American  Continent 
(Mexico  and  Central  America,  of  course,  included),  and  those  to  the 
East  and  {South,  with  tropical  South  America. 

Within  the  last  year  I  have  endeavored  to  learn,  if  any  and  what 
evidence  may  be  gathered  from  the  depth  of  the  sea  around,  and  in  the 
vicinity  of  the  Islands,  of  their  former  greater  proximity  to  each  other 
and  the  adjacent  continents,  sufficient  to  account  for  or  throw  light  on 
the  observed  facts  of  land  shell  distribution.  The  result  is  extremely 
interesting,  and  in  the  main  confirmatory  of  the  views  above  expressed. 

The  British  Admiralty  Charts  have  affoixled  data,  chiefly  to  the  100 
fathom  line  of  soundings  only,  while  recently,  through  the  kindness  of  Mr. 
Rawson  W.  Rawson,  Governor  in  Chief  of  Barbados  and  the  Windward 
Islands,  I  have  obtained  particulars  of  the  deep  sea  soundings,  taken  in 
the  Caribbean  sea,  especially  for  Telegraph  Cable  purposes,  by  United 
States  and  British  Naval  Officers,  which  supply  information  of  great 
value,  as  I  propose  in  this  paper  to  show.  I  am  also  indebted  for  much  in- 
formation to  "The  West  India  Pilot,*'  published  by  the  British  Admiralty. 

I  reserve,  for  another  opportunity,  obsei-vations  on  the  faunas  of  the 
first  three  of  the  above  mentioned  sections,  now  confining  myself  to  the 
fourth  and  fifth,  with  incidental  reference  to  that  of  the  second.  Since 
the  date  of  my  former  papers,  my  knowledge  of  the  species  inhabiting  the 
Islands  embraced  in  the  latter  sections  has  been  largely  increased,  for 
which  my  acknowledgments  are  due  principally  to  Mr.  Robert  Swifc,  of 
St.  Thomas,  Dr.  Cleve,  of  the  University  of  Upsala,  Governor  Rawson, 
and  Mr.  R.  J.  Lechmere  Guppy,  of  Trinidad. 
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Section  IV.  Puerto  Rico  with  Vieque,  the  Virgin  Islands,  Sombrero, 
AnguiUa,  8t,  Martin,  St,  Bartholomew,  and  St.  Croix, 

Puerto  Rico,  Vieque  and  the  Virgin  Islands,  of  which  Anegada  is  the  , 
most  eastern,  stand  on  one  and  the  same  bank,  an  elevation  of  which  to 
the  extent  of  somewhat  less  than  40  fathoms  (240  feet)  would  unite  the 
whole,  converting  them  into  one  Island.  Sombrero  is  on  another  bank, 
about  40  miles  from  the  Virgin  bank,  and  23  miles  from  the  north  end  of 
the  Anguilla  bank.  The  depth  of  the  channels  which  separate  the  Som- 
brero bank  ^rom  the  Virgin  bank  on  the  west,  and  the  northern  end  of  the 
Anguilla  bank  to  the  east,  is  not  known,  but  soundings  are  recorded,  at 
their  margins,  of  100  fathoms  (960  feet;  and  190  fathoms  (1,140  feet),  with- 
out bottom. 

Anguilla,  St.  Martin  and  St.  Bartholomew  stand  on  the  western  edge 
of  another  bank  of  considerable  extent.  Its  southeastern  end  is  14  miles 
only  from  the  Antigua  bank,  and  the  depth  of  water  between  the  two  is 
upwards  of  122  fathoms  (732  feet).  An  elevation  of  the  Anguilla  bs^k  of 
about  40  fathoms  (240  feet)  would  unite  the  Islands  upon  it.  * 

The  land  shell  fciuna  of  the  above  named  Islands  is  unquestionably  the 
same  ;  it  has  some  alliance  with  that  of  Haiti,  but  very  little  with  that  of 
the  Islands  to  the  south  of  the  Anguilla  bank.  Not  only  is  the  absence 
of  certain  genera  prevailing  in  Sections  I.,  II.,  and  III.  noticeable,  tut 
the  diminished  number  of  representatives  of  others  is  equally  so,  for 
example  : 

ingl.  §111.     §IV. 

Megalomastoma 13  species,  1  3 

Alcadia 9       "        2  1 

Strophia 27       **        2  2 

Macroceramus ; 35       "      10  2 

Cylindrella 93       **      28  6 

The  fact  that  Megalomastoma,  Alcadia,  Strophia,  and  Macroceramus  are 
not  represented  in  the  Islands  south  of  the  Anguilla  bank  (§  V.)  and  that 
in  those  Islands  there  are  4  species  only  of  Cylindrella,  affords  striking 
proof  of  the  difference  of  their  faunas. 

St.  Croix  is  not  unfrequently  classed  with  the  Virgin  Islands,  from 
which  it  is  35  miles  distant,  but  it  stands  on  a  bank  disconnected  from 
any  others  and  with  very  deep  water  around  it.  Soundings  are  on  recoixi 
(taken,  I  believe,  by  Capt.  Parsons,  R.  N,),  between  it  and  the  Virgin 
bank,  about  the  mid-channel,  of  1,550  fathoms  (9,300  feet),  and  not  far 
from  its  northern  shore  of  2,000  fathoms  (12,000  feet),  without  bottom  being 
found. 

The  following  soundings  to  the  eastward  were  obtained  by  the  U.  S. 
S.  Yautic,  in  1870,  between  St.  Thomas  and  Saba : 

fathoms,    feet. 

N.  Lat.  180  01'  50".     W.  Long.  64o  10'  20".— 1,825  —  10,950 

"        170  55' 00".  **     '     630  50' 30".— 1,240  —    7,440 

A.   P.   S.— VOL.  XII— H 
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Considering  the  facts  of  distribution  already  given,  and  the  above 
mentioned  soundings,  it  seems  highly  probable  that  very  deep  water  i?vill 
be  found  between  the  Ariguilla  and  Antigua  banks. 

In  this  connection  it  is  interesting  to  notice  that  the  depth  of  the  sea  is 
1,376  fathoms  (8,256  feet)  between  Cuba  and  Jamaica,  in  N.  Lat.  180  30', 
W.  Long.  76^  03',  a  somewhat  near  approximation  to  the  Latitude  of  the 
great  depth  between  the  Virgin  bank  (St.  Thomas)  and  Saba. 

The  fauna  of  St.  Croix  is  closely  allied  to  that  of  Puerto  Rico,  and  seeing 
the  depth  of  water  between  them,  it  is  a  significant  fact  that  Caracolla 
(Helix),  caracolla  L,  one  of  the  characteristic  species  of  the  latter,  is 
found  subfossil  only,  with  other  extinct  species,  and  among  them  a  ^S^rop/i^a, 
in  the  former.  Megalomastoma,  Alcadia,  and  Macroceramus  do  not  exist 
in  St.  Croix,  while  there  is  one  species  of  Cylindrella.  With  further 
reference  to  the  soundings,  the  Latitude  of  Jamaica,  and  the  nature  of 
the  fauna  of  St.  Croix,  I  should  mention  that  Megaloinastoma  and  Strophiu 
have  none,  and  Macroceramus  one  representative  (a  Cuban  species)  in 
Jamaica,  in  which  Island  there  are,  however,  14  species  of  Alcadia  and 
51  of  Cylindrella,  Sombrero  has  one  living  species  (CJiondropoma  Julieni 
Pf.)  which  is  also  found,  with  a  Strophia,  embedded  in  the  phosphatic 
limestones  of  that  Island. 

Pjofessor  Cope  lately  referred  to  me,  for  determination,  shells  from  the 
matrix  between  the  femoral  condyles  Of  Loxomylus  latidens,  Cope,  one  of 
the  great  extinct  Rodents,  the  bones  of  which  have  been  found  in  the 
caves  of  Anguilla.  The  shells  are  closely  allied  to  Tudora  pupaeformis. 
Sow,  now  living  on  Anguilla,  and  apparently  identical  with  an  unde- 
termined species  which  inhabits  St.  Martin. 

Section  V. — Subdivision  1.  Islands  on  the  St,  CJirisiopher  and  Antigua 
banks,  Montserrat,  Guadeloupe,  Dominica,  Martinique,  and  Barbados*. 

Subdivision  2.  St,  Lucia,  St,  Vincent,  Grenada  and  tJie  Grenadines,  To- 
bago, and  Trinidad, 

In  former  papers  I  did  not  treat  the  fauna  of  the  Islands  in  this  section 
as  capable  of  subdivision,  but  with  my  present  increased  knowledge  must 
necessarily  do  so. 

Immediately  to  the  south  of  the  Anguilla  bank  there  is,  to  the  eastward, 
a  bank  on  which  stand  Barbuda  and  Antigua,  and  to  the  westward,  another 
(separated  from  the  adjacent  Islands  by  channels  of  a  greater  depth  than 
200  fathoms,  1,200  feet),  which  constitutes  the  base  of  St.  Eustatius,  St. 
Christopher,  and  Nevis.  At  a  short  distance  from  the  northern  end  of 
the  latter  bank  stands  Saba  (about  2^  miles  in  diameter,)  rising  perpen- 
dicularly from  the  sea  to  the  height  of  2,820  feet,  with  the  100  fathoms 
(600  feet)  line  of  soundings  about  half  a  mile  from  its  western,  and  a  little 
more  than  half  that  distance  from  its  eastern  side.  Late  soundings  between 
St.  Eustatius  and  Saba  (Lat.  17°  31'  10'',  Long.  63^  08'  30")  give  a  depth 
of  343  fathoms  (2,058  feet). 

♦  I  omit  mention  of  several  small  Islands  geographically  belonglngto  those  enumerated  in  both 
subdivisions. 
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Within  3  miles  S.  W.  from  Saba  is  the  Saba  bank,  which  forms  nearly 
a  parallelogram,  its  longest  sides  about  32  miles  and  its  shortest  about  20 
miles  in  extent,  the  eastern  edge  fringed  with  a  naiTow  ledge  of  living 
coral,  sand  and  rock,  nearly  30  miles  in  length  and  varying  in  depth  from 
6^  to  10  fathoms. 

It  is  remarkable  that  an  elevation  similar  to  that  mentioned  with  re- 
ference to  the  Virgin  and  Anguilla  banks  (less  than  40  fathoms,)  would 
unite  Barbuda  and  Antigua,  also  St.  Eustatius,  St.  Christopher  and  Nevis, 
and  convert  the  Saba  bank  into  an  Island. 

With  respect  to  Guadeloupe,  Dominica,  Martinique,  &c.,  the  following 
particulars  of  soundings  lately  taken  by  the  U.  S.  S.  "Yantic,"  Com- 
mander Irwin,  are  extremely  interesting  : 

Between  fathoms,    feet. 

Antigua  and  Guadeloupe,  Lat.  160  40'.  Long.  61^  48'.  848  —  2,088 
Guadeloupe  and  Dominica,  "  150  45'.  "  61o  37'.  850  —  2,700 
Dominica  and  Martinique,  "  150  06'.  "  61^  20'.  1,078  —  6,468 
Martinque  and  St.  Lucia,  *'    140  17'.         "     61°  04'.     1,232  —  7,392 

St.  Lucia  and  St.  Vincent,        *'    130  33'.        *'     61o  20'.     1,346  —  8,076 

Capt.  Parsons,  R.  N.,  found  on  a  line  of  soundings  from  St.  Vincent  to 
Barbados,  depths  of  350,  956,  1,218  in  (about)  Lat.  13°  05',  Long. 
60^  25',  1,211,  and  147  fathoms,  the  greatest  ascertained  depth  being  equal 
to  7,308  feet. 

The  same  officer  obtained  the  following  resultSxfrom  soundings  between 
Barbados  and  Tobago,  viz. : 

fathoms,    feet. 


N.  Lat.  130  00'. 

W 

.  Long. 

590  40'. 

300—1,800 

120  40'. 

n 

it 

570  —  3,420 

120  30'. 

<< 

590  50'. 

780  —  4,680 

"         120 10'. 

(( 

60O05'. 

1,030  —  6,180 

**         no  40'. 

<( 

6OO  10'. 

1,060  —  6,360 

"         no  27'. 

(( 

6OO  25'. 

500  —  3,000  without  bottom. 

I  have  already  given  the  depths  between  Martinique  and  St.  Lucia,  that 
Island  and  St.  Vincent  and  the  latter  and  Barbados.  St.  Vincent  is  separated 
from  the  northern  end  of  the  Grenada  bank,  on  which  Grenada  and  the  Gren- 
adines are  situated,  by  a  narrow  channel,  not  over,  Capt.  Parsons  remarks, 
300  fathoms  (1 ,800  feet)  deep.  The  Grenadines  consist  of  a  chain  of  Islands 
and  rocks  extending  for  60  miles  between  Grenada  and  St.  Vincent.  The 
deptli  found  on  soundings  taken  by  the  ''Yantic,"  gave  on  and  near  to  the 
west  side  of  St. Vincent,  in  about  the  Latitude  of  its  northern  end,  1,080 
fathoms  (6480  feet),  opposite  the  channel  to  the  south  of  St.  Vincent  594 
fathoms  (3,564  feet),  and  along  the  West  side,  in  close  proximity  to  tho 
Grenada  bank,  from  North  to  South,  880  fathoms  C5,280  feet),  801  fathoms 
(4,806  feet),  916  fathoms  (5,496  feet),  and  545  fathoms  (3,270  feet). 

Trinidad  and  Tobago  are  on  soundings  (less  than  100  fathoms),  both 
being  in  fact  on  the  submarine  slope  of  the  South  American  Continent, 
and  the  deeper  water  found  by  the  ' '  Yantic  "  between  the  former  Island 
and  the  Grenada  bank,  in  (about)  Lat.  lio  50',  Long.  6I0  45',  was  386 
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fathoms  (3,316  feet),  while  the  maximum  depth  known,  as  above  stated, 
between  Tobago  and  Barbados,  is  1,060  fathoms  (6,360  feet). 

It  appears  from  the  foregoing  evidence,  that  Trinidad,  Tobago,  the 
Grenada  bank  (an  elevation  of  which  to  the  extent  of  40  fathoms  would, 
give  an  Island  nearly  100  miles  in  length),  and  St.  Vincent,  stand  on  a 
partially  submerged  ridge,  an  extension  of  the  South  American  Continent, 
having,  say,  1,000  fathoms  dejJth  of  water  on  the  west  side,  and  still  greater 
depths  between  its  northern  termination  and  St.  Lucia,  also  on  its  eastern 
side  between  it  and  Barbados,  and  between  the  latter  Island  and  Tobago. 
The  summit  of  this  ridge  is  2,316  feet  beneath  the  level  of  the  sea  be- 
tween Trinidad  and  the  Grenada  bank,  and,  say,  1,800  feet  between  that 
and  St.  Vincent,  while  the  altitudes  above  the  sea  are,  of  Trinidad  3,100, 
Tobago  1,800,  Grenada  2,746,  and  St.  Vincent  about  3,000  feet. 

The  genera  and  species  of  land  Mollusks  w^hich  occur  in  the  Islands  on 
the  *'  submerged  ridge"  just  mentioned  (Trinidad  to  St.  Lucia  inclusive), 
are  chiefly  allied  to  those  which  are  characteristic  of  Venezuela,  the  por- 
tion of  the  Continent  contiguous  to  Trinidad.  The  species  of  Helix, 
in  its  wide  application,  including  Stenopus,  Hyalina,  and  Zonites,  are  15 
only  in  number,  while  there  are  of  Bulimus  (as  restricted  by  Albers)  5,  and 
of  Bulimulus  14  species,  the  total  number  of  species  of  the  latter  in  the 
West  Indies, being  about  38.  The  subgenus  Dentellaria  (Helix)  is  character- 
istic of  the  Islands  embraced  in  Subdivision  1  of  Section  V.,  but  has  few 
representatives  in  those  named  in  Subdivision  2.  D,  perplexa,  Fer.,  is 
peculiar  to  the  Grenadines  and  Grenada,  D,  Isabella,  Fer.,  is  common  to 
one  of  the  Grenadines,  Barbados,  and  Cayenne,  (French  Guiana,)  and  D. 
orhiculata,  Fer.,  to  St.  Lucia,  Martinique  and  Cayenne. 

The  genus  Bulimus,  of  which  the  subgenera  represented  are  Borus, 
Pelecychilus,  and  Eurytus,  all  South  American,  occurs  in  the  West  Indies 
only  in  the  group  (subdivision  2)  embracing  St.  Lucia  and  Trinidad  and  the 
intermediate  Islands.  Borus  oUongus  inhabits  Barbados,  but  it  was 
introduced  there  from  St.  Vincent  by  the  late  Rev.  Mr.  Parkinson. 
Eurytus  aulacostylus,  Pf.,  occurs  both  in  St.  Lucia  and  Demerara. 
With  respect  to  Trinidad,  it  is  certainly  curious  that  we  have  there  a 
species  of  Biplommaiina  (B,  Huitoni,  Pf.)  and  of  Ennea  {E,  hicolor, 
Hutton).  the  latter  found  also  in  Grenada  and  St.  Thomas,  both  living  in 
the  East  Indies.  Guppy  has  lately  discovered  a  species  to  which  he  has 
given  the  generic  name  of  Blandiella,  but  it  is,  I  think,  a  Truncatella, 
allied,  at  least,  to  the  subgenus  TaJieitia,  H.  and  A.  Adams,  the  type  of 
which  is  T.  porrecta,  Gould,  of  Taheiti. 

The  land  shell  fauna  of  the  Islands  in  subdivision  2  have  marked  alliance 
with  that  of  Cayenne.  There  are  on  that  group  six  species  of  Helix  which 
are  also  found  in  Cayenne,  viz. :  Bentellaria  orbieulata,  nux-denticulata, 
dentiens,  Isabella,  badia,  and  TMidomus  discolor.  The  genus  Cyclophorus 
has  no  less  than  seven  species  in  Martinique,  Dominica,  and  Guadeloupe, 
but  none  in  any  other  part  of  the  West  Indies,  while  one,  a  different 
species,  inhabits  Cayenne.  In  Barbados  no  member  of  the  family 
Cyclostomacea  has  been  discovered.  I  have  already  referred  to  some 
other  peculiarities  of  this  fauna  as  compared  with  that  of  the  Islands 
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embraced  in  section  IV,  and  should  add  that  Dentellaria  does  not  occur  in 
those  Islands.  Helix  predominates  over  Bulimus  in  North  America  and 
the  Islands  in  Sections  I.,  II.,  III.,  and  IV,  while  the  reverse  is  the  case 
in  South  America,  and  there  is  at  least  an  increased  proportionate  num- 
ber of  Bulimus,  as  compared  with  Helix  in  Section  V. 

I  have  spoken  of  a  *^  ridge  '^  on  which  the  Islands  in  subdivision  2  of 
that  section  stand  (St.  Lucia  excepted),  and  must  remark  in  addition, 
that  thiere  may  have  existed  an  extension  of  the  South  American  Con- 
tinent, from  the  eastern  boundary  of  Guiana  to  some  point  west  of  the 
Grenada  bank,  and  running  Xorth  to  the  neighborhood  of  the  Anguilla 
bank,  on  the  western  side  of  which  ^extension  there  was  the  fauna  now  to 
be  studied  in  the  Islands  from  St.  Lucia  to  Trinidad,  and  on  the  eastern 
side,  in  those  from  the  St.  Christopher  and  Antigua  banks  to  Barbados. 

Reference  has  been  made  to  the  similarity  of  depths  in  nearly  the  same 
Latitude  between  Jamaica  and  Cuba,  and  Saba  and  the  Virgin  bank. 

Mr.  Rawson  has  directed  my  attention  to  a  comparison  of  the  following 

depths  in  the  Caribbean  sea,  ascertained  by  soundings  between  Kingston 

(Jamaica  *)  and  Chagres,  aild  those  between  Barbados  and  Tobago  : 

Lat.  12O00',  Long.  790  25'— 924  fa.     Lat.  120  10',  Long.  60©  05'— 1,030  fa. 

"    no  25',     **       790  30'— 969  fa.       **    II04O',     "       60^10'— 1,060  fa. 

Taking  a  wide  view  of  land  shell  distribution  in  the  West  Indies,  it 
may  be  said  that  the  fauna  of  the  Islands  on  the  northern  side  of  the 
Caribbean  sea,  from  Cuba  to  the  Virgin  and  Anguilla  banks,  was  derived 
from  Mexico  and  Central  America,  and  that  of  the  Islands  of  the  eastern 
side,  from  the  Antigua  and  St.  Christopher  banks  to  Trinidad,  from 
tropical  South  America.  It  is  noticeable  that  the  mountains  in  the  former 
Islands,  range?  generally,  from  West  to  East,  but  in  the  latter  from  South 
to  North,  excepting  in  Tobago  and  Trinidad,  where  they  are  parallel  with, 
or  in  the  same  direction  as  the  coast  mountains  of  the  adjacent  continent. 

The  present  geological  condition  of  the  Islands  afifords  ample  evidence 
of  the  lapse  of  vast  periods  of  time  in  the  earlier  tertiary  epochs,  during 
which  the  Limestone  formations,  extensively  developed  in  most  of  the 
Islands,  were  deposited.  The  white  Limestone  of  Jamaica,  referred  by 
Sawkins  (Geology  of  Jamaica,  London,  18G9),  to  the  Post  Pliocene, 
covers  more  than  three-fourths  of  the  Island  and  is  computed  at  2000 
feet  in  thickness.  It  rests  on  the  yellow  Limestone  (Miocene),  which,  he 
remarks,  during  the  deposition  of  the  former,  **sank  to  great  depths,  in 
some  places  apparently  3000  feet,  so  as  to  pei-mit  the  growth  of  those 
great  coral  structures,  from  the  debris  of  which  the  enormous  calcareous 
development  of  the  white  Limestone  has  been  derived.  The  lapse  of 
time  required  for  these  important  phenomena  cannot  be  easily  realized  by 
the  imagination. '  * 

That  the  Islands,  or  some  of  them,  were  formerly  united  and  formed 
part  of  an  ancient  continent,  may,  it  would  seem  for  various  reasons,  be 
nferred,  and  the  discovery  of  mammalian  and  other  remains  in  Anguilla, 
Sombrero,  etc.,  is  an  important  one. 

♦  The  Pedro  bank,  within  50  miles  of  the  southern  shores  of  Jamaica,  with  an  elevation  of  30  to 
40  fathoms  would  give  an  Island  100  miles  loag,  3u  in  breadth  near  Its  centre,  and  45  at  its  western 
edge. 
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Kefemng  to  the  Anguilla  cave  remains,  Prof.  Cope  remarks  (Proc.  Acad. 
N.  S.  Phila.,  1868)  on  their  indicating  'Hhat  the  Caribbean  continent  had 
not  been  submerged  prior  to  the  close  of  the  Post-pliocene,  and  that  its 
connection  was  with  the  other  Antilles,  while  a  wide  strait  separated  it 
from  the  then  comparatively  remote  shores  of  North  America." 

The  occnrrence  with  the  Anguilla  fossils  of  a  land  shell  of  a  species 
now  living,  points  to  the  age  of  the  existing  tauna,  but  the  marked 
difference,  both  generic  and  specific,  between  the  present  land  shell  fauna 
of  the  Islands  upon  and  to  the  North  and  West  of  the  Anguilla  bank  and 
those  to  the  South  of  it,  may  be  taken  as  evidence  of  their  early  and  con- 
tinued separation. 

Captain  Parsons,  in  MS.  Notes  on  the  Geology  of  some  of  the  West 
Indies,  for  a  perusal  of  which  I  am  indebted  to  Mr.  Rawson,  observes 
that  the  eastern  or  windward  edge  of  the  Grenada  bank  is  at  an  average 
distance  of  7  miles  from  the  Islands,  while  the  western  edge  is  not  more 
than  two-thirds  of  a  mile,  and  that  there  is  a  similar  great  disparity  in 
other  of  the  banks  and  Islands.  He  concludes  that  such  increased  develop- 
ment of  the  eastern  over  the  western  sides  is  primarily  due  to  the  equa- 
torial current,  which  running  for  ages  through  the  Islands  has  brought 
and  deposited  mateiial  on  the  windward  side.* 

On  this  subject,  the  following  quotation  from  "The  Natural  History  of 
Barbadoes,"  by  the  Rev.  W.  Hughes,  London,  1750,  is  really  interesting, 
and  particularly  so  in  connection  with  the  views  of  Sawkins  with  regard 
to  Jamaica. 

**  The  current  of  the  Deluge  between  the  Tropics  ran  from  East  to  West. 
Notice  the  shattered  condition  of  the  eastward  side  of  the  chain  of  hills 
and  clififs,  which  are  as  barriers  to  the  Island  (Barbados),  from  Cuckold's 
Point  to  Conset's  Bay,  for  as  they  face  the  East  their  torn  state  on  that 
side  alone  and  no  where  else,  shews  that  they  not  only  by  their  situation, 
first  stemmed,  but  as  they  were  higher  than  any  other  part  of  the  Island, 
they  wholly  bore  the  repeated  percussions  of  the  current  in  the  gradual 
ascent  of  the  Deluge.  Notice,  also,  the  coping  figure  of  the  Island  from 
East  to  West,  for  if  we  view  narrowly  the  several  gradual  descents  of  so 
many  continued  ridges  of  rock,  like  cascades,  descending  precipitously 
to  the  westward  (for  instance,  the  long  chain  of  hills  from  Mount  Gilboa, 
in  St.  Lucia's  Parish,  to  the  Black  Rock  in  St.  Michael's),  we  shall  con- 
clude from  the  deep  soil  on  the  eastward  of  these  where  the  land  is  level, 
and  from  the  rugged  and  bare  washed  surface  of  the  west,  that  the  latter  was 
thus  torn  by  the  violence  of  the  waters  falling  over  them,  and  the  former, 
the  effect  of  the  subsided  sediment  upon  the  decrease  of  the  Deluge. 
The  want  of  such  a  bed  of  rocks  from  Black  Rock  to  St.  Anne's  Castle 
caused  the  chasm  which  opens  to  the  sea  through  Bridgetown  opposite 
to  the  Valley  of  St.  George's.  The  course  of  the  gullies  is,  too,  from  East 
to  West,  and  they  were  caused  by  the  current  of  the  Deluge,  the  regular 
course  of  which  to  the  westward  between  the  tropics  was  the  natural  con- 
sequence of  the  easterly  trade  wind." 

•  In  the  Bahamas  the  Islands  are,  generally  speaking,  on  the  windward  side  of  their  respective 
groups  and  hooka.— (Nelson.) 
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Sawkins,  in  the  Report  on  Jamaica,  to  which  I  have  already  referred, 
shows  that  the  highest  elevations  on  that  Island  are  situated  to  the  east, 
and  the  inclined  slope  rises  from  the  west.  With  respect  to  this,  he 
draws  *  *  deductions  from  two  important  elements: 

**  1.  The  great  equatorial  currents  have  existed  in  times  past  as  at  present. 

**  2.  That  the  trade  winds  also  prevailed  with  the  same  uniformity." 

Referring  to  vestiges  of  volcanic  action  and  certain  stratified  deposits 
towards  the  eastern  end  of  the  Island,  containing  pebbles  and  debris  of 
previously  existing  rocks,  Sawkins  remarks:  "This  (volcanic)  action 
might  have  operated  intermittently,  so  as  to  permit  the  growth  of  coral 
reefs,  marine  animals,  &c.,  of  which  the  remains  are  contained  in  the 
limestone  formations.  Again,  supposing  the  deposits  to  have  originated 
from  local  igneous  or  volcanic  action,  or  from  debris  derived  from  islands 
to  the  east,  submersion  having  intervened,  the  lighter  materials  and  finer 
sediment  would  be  transported  by  the  currents  to  the  westward,  these  in- 
fluences combining  with  subsequent  changes  of  level,  account  for  the 
prolongation  of  the  land  to  the  westward." 

In  connection  with  the  facts  stated  I  can  only  incidentally  refer  to  the 
baiTier  presented  by  Trinidad,  Tobago,  the  Grenada  bank,  and  St.  Vincent 
to  the  distribution,  to  the  westward,  of  marine  forms  living  at  greater 
,  depths  than  400  fathoms  ;  and  to  the  same  banier  and  others  oflFered  by  the 
Islands  and  banks  to  the  North  of  St.  Vincent,  to  the  flow  of  the  equatorial 
current  into  the  Caribbean  sea.  Also  to  the  existence  of  a  cold  current  at 
great  depths  between  Barbados  and  Tobago,  shown  by  the  temperatures 
ascertained  by  Capt.  Parsons,  viz.  : 

Surface,  Max.  79°  Fah.,  at  1,030  fathoms,  Min.  38° 
a     820     "      **  1,000  "        **      380.5 


Stated  Meeting,  March  17,  1871. 

Present,  seventeen  members. 

Dr.  Wood,  President,  in  the  chair. 

Photographs  of  Mr.  Frederick  Graff' and  Prof.  D.  F.  Sandber- 
ger,  of  Wurzburg,  "u  ere  received  for  the  Album. 

A  letter  of  envoy  was  received  from  the  Swedish  Bureau  of 
Statistics. 

Letters  of  acknowledgment  were  received  from  Herr  Hai- 
dinger.  of  Vienna  (for  Proc.  No.  81,  82);  Dr.  D.  F.  Sandberger 
(81,  82,  83);  Edinbourg  Observatory  (82);  Prof.  Bunsen  (82, 
83) ;  Prof.  Kirchhoff  (82,  83) ;  Smithsonian  Institute  and  Essex 
Institute  (85) ;  Harrisburg  State  Library  and  Baltimore  Pea- 
body  Institute  (Proc.  85  and  Trans.  XIV.-III.) ;  D.  H.  Storer, 
Yale  College  (85,  XIV.-I.) ;  West  Point  Academy  Library 
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(85,  XI  V.-III.);  N.  Y.  N.  H.  Lyceum,  New  York,  New  Jersey, 
and  Massachusetts  Historical  Societies,  Boston  Public  Library, 
and  American  Antiquarian  Society   (all  for  Trans.  XIV.-I.). 

An  extract  from  a  letter  of  Mr.  Carlier  to  Mr.  Durand, 
respecting  the  Michaux  Legacy,  was  read. 

Donations  for  the  Library  were  received  from  the  R.  Prussian 
Academy,  the  Society  at  Leyden  (Flora  Batava),  the  Sta- 
tistical Bureau  of  Sweden,  the  Museum  of  Com.  Zool.  of  Har- 
vard College,  Prof.  Mayer  of  S.  Bethlehem,  the  College  of 
Pharmacy,  Medical  News  and  Penn.  Monthly,  of  Philadelphia, 
Mrs.  M.  E.  Tyson,  of  Baltimore,  the  State  Geologist  of  Illinois, 
the  Minnesota  Historical  Society,  and  Mr.  W.  H.  Jackson. 

The  death  of  Judge  Conyngham,  of  Wilksbarre,  Pa.,  a  mem- 
ber of  the  Society,  was  announced  by  the  Secretary,  and  on 
motion  of  Prof.  Cresson,  the  Rev.  Bishop  Stevens  was  ap- 
pointed to  prepare  an  obituary  notice  of  the  deceased. 

The  death  of  Prof.  Charles  M.  Wetherill,  of  Lehigh  Uni- 
versity,  Pa.,  was  announced  by  the  Secretary,  and  on  motion 
of  Prof.  Cresson,  Prof.  Frazer  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Prof.  Cope  exhibited  a  suite  of  fossils  obtained  by  further 
exploration  of  the  Bone  Cavern  near  Port  Kennedy,  and  in- 
formed the  members  of  the  progress  of  the  examination.  A 
discussion  ensued,  in  which  Prof.  Cope  expressed  his  views  of 
migration,  considering  that  the  higher  types  belonging  to 
Eocene  and  Miocene  ages  (including  the  fresh  water  fishes, 
Idaho),  being  all  Asiatic,  show  a  land  emigration  over  the 
space  now  occupied  by  the  North  Pacific  Ocean.  When  this 
fauna  was  destroyed  by  cold,  the  sinking  of  the  North  Pacific 
area,  and  the  ice  barrier  together  prevented  its  restoration. 
It  was,  therefore,  replaced  by  a  fauna  of  a  lower  type  from 
Central  America. 

Mr.  Chase  communicated  his  views  of  the  anticyclonic 
character  of  our  winds  and  periodic  storms  between  the  25° 
and  46°  N.  Lat.  parallels,  and  between  the  meridians  of  Pas- 
samaquoddy  and  100°  West. 

Pending  nominations  Nos.  669,  670,  and  new  nominations 
Nos.  671,  672,  673,  674,  were  read. 

And  the  meeting  was  adjourned. 


Digitized  by 


Google 


March  17, 1871.]  "^  [Chase. 

Winds  op  the  United  States. 

By  Pliny  Earle  Chase. 

(Read  before  iJie  American  Philosophical  Society,  March  17,  1871.) 

Kot  with  standing  Ferrel's  mathematical,  and  Galton's  practical,  demon- 
stration of  the  tendency,  in  winds  of  propulsion,  to  become  anti-cyclonic, 
many  meteorologists  regard  cyclonic  atmospheric  currents  as  normal,  in 
fair  as  well  as  in  stormy  weather.  Such  an  impression  may  be  naturally 
strengthened  by  the  admitted  facts,  that  most  of  the  European  winds  are 
cyclonic,  that  all  currents  flowing  in  towards  a  centre  of  low  pressure, 
speedily  become  cyclonic,  and  that  the  system  of  aspiration  induced  by  the 
diminished  pressure  at  the  equator,  is  the  proximate  cause  of  all  our  at- 
mospheric circulation. 

But  it  should  be  remembered  on  the  other  hand,  that  the  noi-mal  mo- 
tion of  the  principal  oceanic,  atmospheric  and  magnetic  currents,  both 
polar  and  equatorial,  and  the  daily  veering  of  the  wind  consequent  on  the 
progressive  heating  of  the  earth's  surface,  are  confessedly  anti-cyclonic; 
that  centres  of  violent  and  rapid  commotion  must  necessarily  cover  a 
smaller  area  than  the  less  disturbed  peripheries  which  help  to  restore  the 
equilibrium;  that  the  air  drifts  more  often  in  alternate  ridges  and  troughs 
than  in  spirals;  and  that  downward  pressure  is  the  impelling  force  by 
which  the  partial  vacua,  produced  by  increase  of  temperature  or  by  con- 
densation of  vapor,  are  supplied.  Each  of  these  considerations  is  indicative 
of  systems  of  winds  over  the  entire  globe,  which  are  normally  anti-cyclo- 
nic, and  only  exceptionally  cyclonic.  Even  in  storms,  the  blending  of 
opposite  currents  may  take  place  at  a  circumference  as  well  as  at  a  centre, 
and  condensation  of  vapor  may  be  going  on  along  an  extended  line,  the 
equilibrium  being  restored  by  the  pressure  of  an  adjacent  ridge,  as  well 
as  over  a  limited  area  towards  which  there  is  an  influx  from  all  quarters. 
There  may,  therefore,  be  anti-cyclonic  as  well  as  cyclonic  storms.  In  fact, 
as  I  stated  at  the  last  meeting  of  the  Society,  most  of  our  recent  storms 
have  been  of  the  former  character,  and  the  more  closely  I  have  scrutinized 
the  Signal  Service  observations,  the  more  strongly  have  I  been  impressed 
with  the  belief  that  most,  if  not  all,  of  our  north-easterly  storms  are  anti- 
cyclonic  as  a  whole,  though  they  may  be  accompanied  by  limited  and 
comparatively  insignificant  local  cyclones,  and  although,  in  consequence 
of  the  trend  of  our  Atlantic  coast  and  the  in-draught  towards  the  gulf 
stream,  they  may  assume  a  form  more  or  less  cyclonic  as  they  leave  our 
shores. 

The  charts  in  Coffin's  Winds  of  the  Korthern  Hemisphere,  seem  to  me 
to  furnish  ample  confirmation  to  these  views,  although,  in  consequence 
of  their  very  admirable  fulness  of  detail,  general  tendencies  are  some- 
times disguised  by  the  local  deflecting  influences  of  mountains,  lakes  and 
valleys.  In  order  to  eliminate  such  local  disturbances,  I  have  grouped 
by  States  and  Territories,  all  the  winds  in  the  flrst  volume  of  the  '*  Re- 
sults of  Meteorological  Observations,"  from  1854  to  1859  inclusive,  and 
computed  the  resultant  for  the  entire  period  for  each  district. 
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I.     Number  of  Winds  from  each  cardinal  point. 

N.       N.E.  E.  8.E.  S.         S.W. 

British  America 1651       3599  853  2&45  2098       4735 

Maine 2008       4331  1198  2664  2248       6349 

New  Hampshire 860       1464  1234  1607  933       2652 

Vermont 3585        761  401  1150  6225       2018 

Massachusetts. 3681       7158  2619  6(«8  3802     13656 

Rhode  Island 133         518  73  120  241        720 

Connecticut 1560       2636  675  1569  1842       4352 

New  York 4639       6581  3692  6582  8676      14314 

New  Jersey 1016       259t*  658  1»23  1056       4158 

Pennsylvania 4556       6399  6743  6848  6398     13617 

Delaware 39        147  59         90  42        164 

Maryland  &  D.  of  C 1650       2849  1082  1674  2621       3812 

Virginia 3725       3230  1759  1790  4590      6616 

North  Carolina 1019       1760  470  612  809       2019 

South   Carolina 1248       3252  1036  2026  1505       3989 

Georgia 1585       3436  2052  2595  2415       3240 

Florida 2374       6455  2651  3831  1411       4265 

Alabama 676        508  548  1307  734        859 

Mississippi 923        929  738  1211  971       1253 

Louisiana 736        969  194  1040  7a3        782 

Texas 4357       1011  1168  2966  6871       1510 

Tennessee 567        649  316  884  980        755 

Kentuclty 604       1343  447  762  1218       3159 

Ohio 3151       5277  1976  6509  4742     14747 

Michigan 2079       3508  2776  3427  3061       7300 

Indiana 1449       1086  990  18,53  1910       2901 

Illinois 3510       7151  3593  6963  8026     11218 

Missouri 531         492  678  1195  906        838 

Wisconsin 3321       4932  2689  4073  4150       6967 

Iowa 2249       3144  1636  5370  3648       5891 

Minnesota 915        753  910  782  1469        710 

Nebraska 1035        436  235  598  1226        434 

Kansas 984         491  360  757  1371         559 

Mexico 172         345  73          59  68         144 

California 985        235  185        904  1272       1175 

Bahamas 163         348  252  292  217         418 

Guatemala ,       56        806  18          16  3        262 

Surinam 89        803  417        427  141  39 

II.     Percentages,  and  Resultant  Winds. 

N.    NE.     E.  S.E.        8.  S.W.    W.   N.W. 

British  America 7  15        4  11        9  20       13       21 

Maine 7  14        4  9        7  21       11       27 

New  Hampshire 5  9        7  10        6  16       19       28 

Vermont 17        4        2  6  31  10       1)       20 

Massachusetts 6  11        4  9  6  22       13       29 

Rhode  Island 4  17        2  4  823        636 

Connecticut 8  13        3  8        9  22        7       30 

New  York 6        9        5  9  12  20       21       18 

New  Jersey 6  15        4  8        6  24       14       23 

Pennsylvania 6        8        9  9        8  17       22       21 

Delaware 4  16        6  9        5  17       10      33 

Maryland  &  D.  of  C 7  13        5  8  12  17       20       18 

Virginia 13  12        6  0  16  20       12       15 

North  Carolina 10  18        5  5        8  21       21       12 

South  Carolina 7  19        6  12        9  23       10       14 

Georgia 7  15        9  12  11  15       12       19 
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Florida 9  25  10  15  5  16  7  13  N  50    7  E. 

Alabama. 10  8  8  20  11  13  14  16  S.  44  ?5W 

Mississippi 11  11  9  15  12  15  10  17  **  76  48  " 

Louisiana 14  18  4  20  15  15  2  12  "6710E. 

Texas 23  5  6  16  31  8  5  6  "13  28" 

Tennessee 11  12  6  17  19  14  7  14  "    8  57W. 

Kentucky 6  13  4  7  11  30  14  15  "67  53" 

Ohio 6  10  4  12  9  27  14  18  '•67  45'- 

Michigan 6  10  8  10  9  22  18  17  "74  26" 

Indiana 9  7  7  12  13  19  17  16  "67  40" 

Illinois 6  12  6  12  14  20  14  16  -52  18' 

Missouri.... 8  8  10  19  14  13  17  11  "17  34" 

Wisconsin 9  13  7  11  11  19  14  16  "79  50*' 

Iowa 7  10  5  17  11  18  9  23  "  68    6  " 

Minnesota 10  9  10  9  17  8  14  23  N.8239'- 

Nebraska 21  9  5  12  25  8  6  14  S.  50    4" 

Kansas 19  9  7  14  26  11  3  11  "  24  18E. 

Mexico 16  32  7  6  6  13  8  12  N.1615" 

California 15  3  3  14  19  18  15  13  S.  56  53  W. 

Bahamas.... 8  17  12  14  10  20  10  9  "23  63E. 

Guatemala 566210  21  14  N.  43  17  *' 

Surinam 5  41  22  22  7  2  0  1  •*  80  53  " 

This  grouping,  by  exhibiting  the  excess  or  deficiency,  in  the  percent- 
age of  any  given  wind,  from  the  percentage  of  the  same  wind  in  adja- 
cent districts,  shows  local  irregularities  which  are  often  easily  explicable 
by  the  physical  features  of  the  neighborhood,  and  enables  us,  by  plotting 
the  general  resultants  on  a  map,  to  demonstrate  the  anti-cyclonic  motion 
of  the  air,  over  the  entire  region  between  the  twenty-fifth  and  forty-fifth 
parallel  of  latitude,  and  between  Passamaquoddy  Bay  on  the  east,  and 
the  100th  meridian  on  the  west.  It  shows,  moreover,  that  there  is  a  nor- 
mal intersection  of  a  polar  (N.  E.)  current  oflF  the  coast  of  Florida,  with 
an  equatorial  (S.  W.)  current  from  the  Bahama  Islands,  and  a  similar  in- 
tersection of  a  south-easterly  and  south-westerly  equatorial  current,  (the 
latter  having  been  refrigerated  by  the  Sierra  Nevada,)  near  the  common 
boundary  line  of  Nebraska  and  Kansas.  The  former  of  these  intersec- 
tions is  analogous  to  the  one  referred  to  by  Mr.  Scott,  as  indicative  of  an 
approaching  gale  in  the  British  Islands,  and  suggests  an  obvious  explana- 
tion of  the  gulf  stream  cyclones,  as  well  as  of  the  cyclonic  winds  in 
Western  Europe;  the  latter  helps  to  account  for  a  considerable  propor- 
tion of  our  laud  storms. 

The  comparison  of  these  currents  and  intersections  with  Blodget's 
hyetal  charts  is  very  instructive,  and  I  feel  little  hesitation  in  predicting 
that  a  more  thorough  acquaintance  with  the  winds  of  Alaska  and  British 
America,  will  develop  another  anti-cyclonic  system,  referable  to  a  differ- 
ent centre  of  disturbance,  with  intersecting  normals  near  the  northern 
boundary  line  between  the  polar  and  equatorial  prevailing  winds,  and 
perhaps  in  the  valley  of  the  Saskatchewan,  which  has  been  specially  de- 
signated by  Professor  Henry  as  a  storm-breeding  district. 
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Hesemblance  op  AtmospTiertc,  Magnetic  and  Oceanic  Currents. 

By  Pliny  Earle  Chase. 

{Read  before  the  American  Philosophical  Society,  April  7,  1871.) 

My  belief  that  terrestial  magnetism  is  dependent  solely  upon  fluid  cur- 
rents, electrified  by  convection  and  by  the  condensation  of  vapor,  led  me 
to  look  for  some  confirmation  of  my  views  in  the  results  of  my  recent 
discussions  of  the  winds  of  the  United  States.  3Iy  attention  was' first 
drawn  to  the  resemblance  between  the  looped  isogonic  lines  in  the  eastern 
equatorial  portion  of  the  Pacific  Ocean,  and  the  an ti -cyclonic  course  of  the 
winds  in  the  Gulf  States.  The  undoubted  rapidity  of  magnetic  action, 
a  rapidity  analogous  to,  if  not  identical  with,  that  of  luminiferous  vibra- 
tions, renders  it  probable  that  the  flexure  of  the  isogonic  lines,  at  any 
given  point,  may  be  determined  by  the  resultant  of  all  the  forces  acting 
at  that  point,  and  that  the  equatorial  loops  are,  therefore,  expressions  of 
equatorial  disturbance. 

If  the  same  disturbance  is  communicated  to  the  more  sluggish  air,  its 
culmination  may  natui-ally  be  sought  at  some  point  northward  and  east- 
ward, because  of  the  well-known  laws  of  current  deflection.  The  prin- 
cipal thermal  contrasts  whicli  contribute  to  the  establishment  ofcurrents, 
are:  1st,  land  and  water;  2d,  polar  and  equatorial;  3d,  heat  and  cold  at 
isabnornial  centres.  It  seems  reasonable  to  suppose  that  these  triple  con- 
trasts should  be  so  mutually  related,  that  there  may  be  some  system  of 
rectangular  coordinate  planes  which  would  present  each  of  them  as  a 
maximum . 

A  great  circle  cutting  the  equator  on  the  meridians  of  100?  W.  and  80^ 
E.,  and  passing  through  the  geographic  centre  of  the  land  hemisphere, 
follows  the  general  trend  of  the  American  coast  from  Florida  to  New- 
foundland, skirts  the  equatorial  isogonic  and  the  Florida  atmospheric 
loops,  finds  the  western  limit  of  our  anti-cyclonic  system  of  winds 
at  a  point  about  midway  between  the  magnetic  pole  and  the  equator, 
and  crosses  the  equator  on  the  meridians  and  near  the  centres  of  greatest 
Horizontal  Force.  A  co-ordinate  great  circle  following  the  meridians  of 
10°  W.  and  170^  E.,  intersects  the  magnetic  equator  of  minimum  inten- 
sity near  its  greatest  northern  and  southern  elongations.  The  third 
co-ordinate  great  circle  corresponds  very  nearly  with  the  dividing  plane 
between  the  land  and  water  hemispheres.  The  principal  north  pole  of 
declination  and  the  Asiatic  equatorial  intersection  of  the  line  of  no  varia- 
tion, are  on  the  meridijins  first  named,  which  traverse  the  intersections 
of  the  first  and  third  co-ordinate  circles.  A  great  circle  intersecting  the 
second  co-ordinate  on  the  equator,  and  passing  near  the  North  American 
pole  of  declination,  would  cut  the  first  of  these  meridians  (100^  W.)  at 
an  angular  distance  from  the  pole  analogous  to  that  of  the  Florida  wind 
loop  from  the  equator,  traversing  the  principal  isogonic  loops  in  such 
manner  as  to  exhibit  the  magnetic  symmetry  of  the  entire  globe  to  the 
best  advantage.  No  other  system  of  rectangular  co-ordinate  planes 
would  meet  with  so  little  land  interruption,  or  would  divide  the  globe 
into  hemispheres  with  so  great  current-producing  contrasts. 
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An  obseiTer,  therefore,  near  the  centre  of  the  land  hemisphere,  would 
find,  at  the  four  cardinal  points  of  his  true  horizon,  magnetic,  thermal 
and  geographic  positions  of  peculiar  importance,  and  indicative  of  inter- 
esting mutual  relations.  The  recognition  of  such  relations  gives  a  new 
interest  to  the  often  noticed  resemblance  between  the  isoclinal  and  iso- 
thermal Hues,  the  analogy  which  I  have  myself  pointed  out  between  the  iso- 
gonic  and  cotidal  lines,  the  parallelism  of  the  boundary  lines  and  of  the 
axis  of  the  westerly  isogonic  belt  with  the  boundaries  of  the  correspond- 
ing annual  isabnormal  belt,  the  isogonic  curvatures  in  or  about  regions 
of  isabnormal  heat  or  cold,  the  different  angular  relations  of  the  isogonic 
lines  to  the  customary  paths  of  hurricanes  and  storms,  and  the  approxi- 
mate perpendicularity  of  direction  and  opposition  of  curvature  between 
the  westerly  wind  belt  and  the  isogons.  All  of  these  features,  which 
may  be  satisfactorily  explained  by  the  general  principles  on  which  storm 
laws  are  based,  furnish  cumulative,  if  not  irresistible,  evidence  of  the  de- 
pendence of  magnetic  currents  upon  the  same  laws  of  gravitation,  which 
tend  to  restore  the  equilibrium  of  air  and  sea,  after  tidal  or  thermal  dis- 
turbances. The  evidence  is  sustained  not  only  in  the  general  distribution 
of  the  magnetic  lines,  but  also  in  their  particular  details,  the  course  of 
the  isogonic  lines,  at  every  point,  being  an  evident  resultant  of  the  com- 
bined equilibrating  tendencies  between  land  and  water,  and  between 
centres  of  normal  and  isabnormal  heat  and  cold. 

TUe  ocean  currents  corroborate  the  gravitation  theory  of  magnet- 
ism, perhaps  even  more  strongly  than  the  wind  belt.  A  physical  atlas 
like  Petermann's,  which  marks  the  most  rapid  portions  of  the  several  cur- 
rents with  the  deepest  tints,  shows  their  relation  to  the  magnetic  and 
coast  lines  very  satisfactorily.  A  comparison  of  the  more  minute  details 
exhibits  additional  interesting  evidence  that  the  original  impulse  of  all 
terrestial  currents,  atmospheric,  magnetic  and  oceanic,  is  given  by  lumin- 
ous, thermal  or  tidal  disturbances,  that  the  currents  are  maintained  by 
gravity  in  its  continual  tendencies  to  restore  the  continually  dis- 
turbed equilibrium,  that  the  magnetic  currents  are  least,  while  the  ocean 
currents  are  most  interrupted  and  modified  by  land  contours,  that  each 
of  the  more  sluggish  currents  exerts  a  secondary  modifying  influence  on  the 
more  rapid,  that  extraordinary  variations  in  thermal  or  luminous  undu- 
lations, whether  originating  at  the  sun  or  at  the  earth,  produce  "mag- 
netic storms,"  and  that,  whatever  theory  may  be  adopted  as  to  the  mode 
in  which  the  solar  undulations  are  transmitted,  there  is  no  philosophical 
necessity  for  the  hypothesis  of  any  cosmical  origin  or  disturbance  of  ter- 
restrial magnetism  other  than  variations  in  the  amount  of  light  and  heat 
received  and  in  the  directions  of  gravitating  tidal  and  equilibrating 
lines.* 

»  It  l8  SO  (limcult  to  make  the  necessary  allowances  for  the  distortions  of  the  ordinary  mnffnetlc 
charts,  that  I  would  recommend  any  one,  w'.io  may  desire  to  make  the  comparisons  which  1  have 
suggested,  to  trace  the  lines  on  aKlobe.  A  slate  Klobe  Is  especially  satisfactory.  The  data  for  my 
own  comparisons  were  taken  from  the  lines  of  equal  maunetic  variation  and  of  cijual  horizontal 
force  for  If^fAi,  in  the  2d  edition  of  the"  Admiralty  Manual  for  ascertjihiinj;  aiul  .ti)plylim  the  devia- 
tions of  a  compass,  caused  by  the  Iron  In  a  ship."  Walker's  **  Terrestial  and  ('o-mical  Masnetlsm;" 
Coltln  8  •*  Winds  of  the  Northern  Hemisphere;"  Dove's  "Isothermal  and  Isabnormal  charts," 
'•  Petermann's  and  Johnstoirs  Physical  Atlases."  In  order  to  )ud{?P  of  the  resultant  Influences  of 
the  normal  and  Isabnormal  thermal  dlsturbances.lt  will  be  well  to  mark  the  centiea  of  Isabnormal 
hentand  cold. as  well  as  the  points  of  greatest  average  heat  and  cold. 
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Mr.  Walker,  in  his  Adams  Prize   Essay  for  1865,  p.  368,  says:  **  it  is 
worthy  of  remark  that  the  portion  of  the  year  when  the  magnetic  force  is 
the  greatest,  and  the  direction  of  the  needle  most  vertical  in  both  hemis- 
pheres, coincides  with  that  at  which  the  earth  is  nearest  to  tho  sun  and 
moves  with  the  greatest  velocity  in  its  orbit.     This  fact  furnishes  another 
argument  against  the  theory  that  these  effects  are  due  to  temperature,    as 
in  that  case  they  ought  to  occur  at  opposite  periods  of  the  year  in  the  two 
hemispheres,  whereas  in  fact  they  occur  at  the  same  period  in  both."    The 
writer  was  doubtless  misled  by  the  annual  variations  in  declination  and 
horizontal  force,  which  are  evidently  dependent  upon  the  relative  tem- 
perature of  the    northern    and   southern  hemispheres.     But  if  all  the 
magnetic  effects  are  primarily  due  to  thermal  and  gravitating  motion,    it 
is  evident  that  the  total  magnetic  force  must  depend  upon  the  total  cur- 
rent producing  energy  of  the  sun,  which  is,  of  course,  a  maximum  when 
**the  earth  is  nearest  the  sun,  and  moves  with  the  greatest  velocity  in  its 
orbit."     The  argument  which  was  considered  conclusive  against  the  the- 
ory, is,  therefore,  wliolly  in  its  favor. 


The  causes  of  Regional  Elevations  and  Subsidences,   by   Lieut.  C^.  E. 

Dutton. 

{Read  before  the  American  Philosophical  Society,  April  7,  1871.) 

Lieut.  C.  E.  Dutton,  desired  to  submit  certain  views,  which  he  had 
been  led  to  entertain,  respecting  the  causes  of  regional  elevations  and 
subsidences.  He  was  unacquainted  with  any  views  on  this  subject  in  the 
writings  of  geologists,  which  seemed  to  be  satisfactory.  In  reflecting 
upon  the  nature  of  metamorphic  rocks,  and  the  probable  changes  which 
they  had  undergone,  he  thought  that  the  facts  brought  to  light  by  the  re- 
searches of  Bischoff,  Daubree,  Sorby,  Bterry-Hunt  and  others  in  that 
field,  might  contain,  also,  a  solution  of  the  unexplained  problem  of  ele- 
vations and  subsidences.  It  is  now  a  generally  accepted  opinion  among 
writers  upon  chemical  geology,  that  metamorphic  rocks  have  reached  their 
present  condition,  through  tlie  combined  agencies  of  heat,  pressure,  and 
water,  acting  upon  sedimentary  strata;  that  sulphur,  carbonic  acid  and 
volatile  chlorides  and  fluorides  have  played  highly  important  parts  under 
similar  conditions,  and  that  soluble  earths  and  metallic  salts  and  vapors 
have  had  no  inconsiderable  influence  upon  the  totality  of  changes.  That 
water  especially,  under  the  influence  of  a  moderately  high  temperature 
and  great  pressure,  is  capable  of  changing  in  a  wonderful  manner  the 
structure  and  arrangement  of  rocky  materials  of  all  kinds,  has  been  abun- 
dantly shown  by  innumerable  synthetical  experiments,  a  great  number  of 
which  have  been  summed  up  by  Daubree  in  an  able  memoir  on  the  sub- 
ject to  the  French  Academy.     He  has  also  shown  that  minerals,  ^hich. 
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under  ordinary  temperatures  to  which  water  is  subjected,  are  in  no  re- 
spect changed,  may  be  completely  altei'ed  by  water  confined  in  strong 
vessels  and  heated  to  dull  redness.  Silicates,  aluminates  and  calcareous 
matters  in  the  amorphous  condition,  may  not  only  be  made  crystalline, 
but  their  degrees  of  hydration  may  also  be  permanently  altered;  and  he 
also  mentions  the  production  of  anthracite  by  a  similar  process,  from  wood. 
Indeed,  the  changes  both  of  structure  and  chemical  constitution,  which 
may  be  produced  in  this  manner,  are  very  great,  and  extend,  in  all  proba- 
bility, to  nearly  the  whole  range  of  mineral  matters  found  in  the  rocks. 

Now,  if  as  is  generally  believed  and  accepted,  these  are  the  changes  in 
progress,  while'  rocks  are  undergoing  metamorphism,  then,  in  all  proba- 
bility, the  rocks  are  undergoing  at  the  same  time  a  change  in  their  specific 
gramly.  It  is  highly  probable,  if  water  is  the  chief  reagent,  and  if  it 
constitutes  a  change  both  chemical  and  physical,  that  the  specific  gravity 
of  the  mass,  into  which  it  enters,  is  not  the  same  as  it  was  before  such  a 
change  took  place.  But  if  we  admit  this,  then  we  have  also  admitted 
that  the  volume  of  those  rocks  has  either  increased  or  diminished.  If  we 
assume  it  to  have  increased,  there  must  take  place  an  expansion,  and  such 
an  expansion  must  necessarily  be  upward.  For,  beginning  at  the  lowest 
level,  at  which  any  such  change  may  be  assumed  to  supervene,  the  total 
weight  of  the  superincumbent  mass  is  the  same  as  it  was  before,  and 
hence  there  would  be  no  change  at  that  level.  Nor  could  there  be  lateral 
expansion  of  any  importance;  all  expansion  would  of  necessity  be  verti- 
cally upwards.  On  the  other  hand,  a  decrease  of  volume  would  occasion 
a  subsidence  for  coi^erse  reasons. 

If  we  were  to  assume  a  change  in  the  specific  gravity  of  1000  fent  of 
rock,  to  the  extent  of  five  per  cent.,  we  could  account  for  a  change  of 
level  of  50  feet,  and  a  series  of  rocks  as  thick  as  the  carboniferous  in  this 
State,  would,  with  an  equal  amount  of  change,  give  an  alteration  of  level 
equal  to  the  average  attitude  of  the  North  American  Continent  above 
the  ocean.  It  is,  of  course,  impossible  to  conjecture  the  depth  to  which 
metamorphic  action  may  extend,  though  it  is  undoubtedly  very  great;  at 
least  eight  or  ten  miles,  and  there  might  be  no  great  improbability  in 
supposing  such  changes  to  take  place  through  a  large  portion  of  that 
depth  at  the  same  time. 

That  the  rocks  far  down  below  the  surface  take  up  under  the  influence 
of  great  pressure,  aided  no  doubt  by  heat,  large  quantities  of  water,  car- 
bonic acid,  sulphydric  acid,  and  perhaps  other  electro-negative  agents,  is 
manifest  in  the  materials  issuing  from  volcanoes  and  from  thermal  springs. 
Water  aud  gaseous  acids  issue  in  such  enormous  quantities  from  volca- 
noes, as  to  constitute  a  large  fraction  of  the  entire  mass  delivered,  indi- 
cating that  the  solid  materials  have  become  super-saturated  with  them, 
and  the  association  is  resolved  as  soon  as  they  reach  the  surface  of  the 
earth,  and  are  relieved  of  the  pressure  to  which  they  have  been  subjected. 
The  overflow  of  volcanoes  would,  it  is  suggested,  be  susceptible  of  a 
similar  explanation.  Let  us  suppose  a  stratum  or  two,  situated  a  few  miles 
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below  tlie  surface,  became  softened  or  lightened  by  the  combined  agencies 
described,  so  as  to  be  specifically  lighter  than  the  average  mass  of  over- 
laying rock.  If  a  vent  or  fissure  could  be  found,  such  a  plastic  mass 
would  inevitably  follow  the  laws  of  the  equilibrium  of  fluids,  and  would 
not  only  rise  up  into  the  chasm,  but  overflow.  Putting  tlie  problem  into 
another  form,  the  heavier  over-lying  mass  would  sink  into  the  lighter 
semi-fluid  beneaih,  and  drive  it  upwards.  It  is  a  well  known  fact,  that 
the  lavas  arc  all  of  small  specific  gravity.  Indeed,  were  it  otherwise, 
Lieut.  Dutton  thought  that  the  overflow  of  a  lofty  volcano  like  ^tna  or 
MaunaLoa,  would  be  impossible;  for  a  column  of  dense  material  of  such 
a  height,  exerting  its  pressure  upon  its  subterranean  reservoir,  would 
raise  the  overlying  strata,  instead  of  rising  above  them.  But,  in  truth, 
the  superior  strata  are  doubtless  heavier,  and  exert  a  greater  pressure 
ui)on  the  reservoir  than  the  lava  itself. 

In  a  similar  manner  Lieut.  Dutt<m  sought  to  explain  the  intrusion  of 
traps,  trachytes  and  basalts.  These  rocks  were  probably  lighter  than 
those  which  originally  overlaid  them,  and  forced  their  way  through  weak 
places  to  the  surface.  The  traps,  basalts  and  porphyries, — at  least  such 
porphyries  as  may  be  called  intrusive — though  they  are  unquestionably 
altered  sediments,  are  for  the  most  part  amorphous,  and  not  crystalline. 
They  were  evidently  altered  at  a  comparatively  low  temperature,  and  at 
no  very  gieat  depth.  They  do  not  appear  to  affect  the  strata  into  which 
they  are  intruded,  and  withal,  are  less  highly  metamorphic  than  gneiss  or 
marble.  Water  seems  to  have  been  the  chief  agent  in  their  transforma- 
tion, and  they  may  have  been  forced  upward  in  a  so^  condition,  and  upon 
being  relieved  of  the  pressure,  parted  with  the  greater  portion  of  this 
water.  The  traps  and  basalts  also  exhibit  many  planes  of  cleavage, 
with  very  perceptible  interstices,  and  these  interstices  would  seem  to  be 
much  wider  than  could  be  accounted  for  by  the  contraction  of  cooling. 
He  stated  that  he  had  often  noted  this  fact,  and  was  decidedly  of  the 
opinion  that  the  contraction  of  these  rocks  by  loss  of  heat,  could  by  no 
means  account  for  the  entire  width  of  such  plans  of  cleavage,  and  be- 
lieved that  it  was  in  great  part  due  to  the  loss  of  water,  which  had  once 
rendered  them  plastic. 

If  these  views  be  correct,  then  we  ought  to  expect  that  volcanic  regions 
will  be  confined  to  those  areas  which  have  recently  been  regions  of  marked 
elevation.  And  we  find  this  to  be  the  case.  In  America,  the  whole  extent 
of  the  Rocky  Mountains  and  of  the  Andes,  so  far  as  known,  was  covered 
by  the  ocean  at  the  beginning  of  the  Tertiary  period.  The  elevation  of 
the  Rocky  Mountains  was  probably  earlier  than  that  of  the  Andes,  and 
sooner  completed.  Hence,  while  the  former  was  the  scene  of  an  unparal- 
leled amount  of  volcanic  action  during  the  Pliocene  and  Miocene,  and  is 
now  nearly,  or  quite,  quiescent,  except  in  Southern  Mexico,  the  Andes 
still  abound  in  active  volcanoes.  The  East  Indian  volcanic  regions  are 
all  of  Tertiary  formation,  as  are  those  of  the  Mediterranean  and  the 
Auvergne. 
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PRELIMINARY  REPORT  ON  THE  VERTEBRATA  DISCOVERED 
IN  THE  PORT  KENNEDY  BONE  CAVE. 

By  Prop.  E.  D.  Cope. 
{Read  before  the  American  PJiilosophical  Society  April  7,  1871.) 

My  friend,  Charles  M.  Wheatley,  has  already  given  an  account  of  the 
discovery  of  a  fissure  in  the  Potsdam  limestone  of  Chester  Co.,  Pennsyl- 
vania, containing  the  remains  of  numerous  animals'  and  plants  of  the 
Postpliocene  period  (see  Amer.  Jour.  Sci.  Arts,  1871,  April).  Dr.  Quick, 
of  Phoenixville,  having  brought  to  his  notice  mastodon  remains  exposed 
in  quarrying  the  limestone  near  Port  Kennedy,  he  visited  the  spot,  and 
determined  the  existence  of  the  fissure  and  its  contents.  In  the  article 
in  question  he  describes  it  as  situated  near  the  line  of  junction  of  the 
Triassic  red  sandstone.  Its  depth  is  nearly  fifty  feet,  and  the  greatest 
width  thirty ;  at  the  summit  or  surface  of  the  limestone,  its  width  is 
twenty  feet.  It  is  filled  to  a  depth  of  forty  feet  with  the  debris  of  the 
neighboring  Triassic  strata,  of  a  red  color ;  below  this  point  is  a  bed  of 
tough  *"*  black  clay  eighteen  inches. in  thickness,  filled  with  leaves,  stems, 
and  seed  vessels  of  post-tertiary  plants.  Scattered  through  all  this  mass 
of  vegetable  remains,  and  also  in  a  red  tough  clay  underneath  for  six  to 
eight  inches  in  depth,  are  found  the  fossils  noticed  in  this  paper." 

Mr.  Wheatley  furnishes  a  list  of  the  species  we  had  identified  up  to 
the  time  of  writing,  viz.  ;  twenty-seven  vertebrata,  ten  coleoptera,  and 
ten  plants.  These  numbers  have  been  considerably  increased  up  to  the 
present  time,  and  I  look  to  a  much  fuller  and  more  complete  exposition 
of  the  Postpliocene  vertebrate  fauna,  in  consequence  of  a  more  thorough 
examination  of  the  remaining  part  of  the  fissure,  by  my  friend,  C.  M^ 
Wheatley. 

As  regards  the  position  of  the  remains,  the  article  above  quoted,  pro- 
ceeds to  state  that  "the  remains  of  Mylodon,  Ursus,  and  Tapirus  have 
been  mostly  obtained  from  the  tough  red  clay  directly  under  the  plant  bed, 
but  the  remains  of  rodents,  snakes,  tortoises,  plants,  and  insects,  are 
entirely  confined  to  the  plant  bed.  Neither  the  bones  nor  the  teeth  are 
rolled  or  water  worn,  but  all  are  sharp  and  well  defined."  The  appear- 
ance of  the  specimens  corroborates  the  above  statements.  I  would  add 
some  exceptions.  Thus  two  of  the  specimens  referred  to  Arvicola  sig- 
modus  came  from  the  red  bed,  and  one  from  the  black  ;  one  Megalonyx 
toTieatleyif  came  from  the  black  bed,  the  others  from  the  red.  Milk  teeth 
of  Mastodon  occur  in  the  red  bed  also.  General  remarks  are  deferred  to 
the  close  of  the  report. 

Megalonyx,  Jefferson. 
The  remaius  of  species  of  this  genus  found  in  the  fissure  are  more 
abundant  and  striking   than  those  of  any  other.     At  least  fourteen  in- 
dividuals are  represented  by  the  bones  and  teeth  obtained.    These  belong 
probably  to  five  species,  as  described  below,  four  of  tliem  different  from 
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those  hitherto  known,  three  of  th6m  of  a  size  equal  to  that  of  the  M, 
jeffersoniiy  the  others  smaller.  These  species  are  only  certainly  distin- 
guishable at  present  by  the  teeth,  as  the  other  bones  are  very  similar  to 
those  of  other  species,  so  far  as  preserved. 

The  teeth  consist  of  eighteen  canine,  and  nineteen  molar  teeth,  whose 
characters  are  discussed  below.  The  bones  are  chiefly  those  of  the  feet, 
with  portions  of  long  bones,  and  numerous  vertebrae.  Cranial  bones  are 
in  most  instances  destroyed,  for  though  several  complete  crania  were  ex- 
humed, the  exposure  to  frosts  and  thaws  with  snow  and  rain,  as  they 
laid  in  the  piles  of  material,  disintegrated  them.  Of  limb  bones  there  are 
the  extremity  of  a  large  tibia  with  cotylus  for  astragalus,  several  extrem- 
ities of  fibulae,  and  some  broken  heads  of  femora. 

Of  the  bones  of  the  fore  limb  there  are  three  unciforms,  two  magnums, 
and  fifteen  metacarpals  with  numerous  phalanges.  The  bones  of  the. 
hind  limb  include  three  astragali,  seven  cubiods,  six  scaphoids,  and  five 
incomplete  metatarsals.  The  phalanges  of  both  fore  and  hind  feet,  which 
much  resemble  each  other,  number  thirty-two,  of  which  nine  are  ungueal. 
Of  vertebrae,  no  cervicals  have  been  found,  except  an  a:^is  without  neural 
arch.  Caudals  are  most  numerous  ;  some  of  the  vertebrae  have  coossified 
epiphyses,  others  not,  indicating  various  ages.  I  have  counted  twelve 
individuals  from  the  teeth,  but  it  is  quite  possible  that  there  are  others 
represented  by  some  of  the  bones. 

The  canine  (molar)  teeth  present  a  remarkable  variety  of  forms.  As  is 
known,  the  section  of  the  crown  is  oval,  on  one  side  concave  with  a  more 
or  less  prominent  swelling  interrupting  it.  The  differences  are  seen  in 
the  development  and  position  of  the  broad  rib  of  which  the  swelling  is  a 
section,  in  the  curvature  of  the  shaft,  and  greater  or  less  obliquity  of  the 
grinding  surface. 

There  are  three  types  of  form  among  them  as  follows  : 

1st.  The  shaft  curved,  the  triturating  sui*face  oblique,  the  internal 
longitudinal  rib  prominent,  nearer  one  end  of  the  crown  than  the  other, 
dentine  of  inner  side  thickened  anteriorly ;  two  specimens. 

2d.  Shaft  nearly  straight,  triturating  surface  transverse  (in  its  long 
direction) ;  rib  of  inner  face  median,  prominent ;  dentine  of  inner  side 
uniformly  thin. 

3d. .  As  in  the  last,  but  the  shaft  more  compressed,  therefore  the 
section  narrower,  the  inner  bulging  rib  being  very  low  and  insignificant. 

The  first  of  these  represents  a  species  distinct  from  those  of  the  other 
series ;  one  nearer  the  M,  jeffersonii,  and  of  large  size. 

In  studying  the  present  genus  I  have  been  under  many  obligations  to 
Dr.  Leidy's  Memoir  on  the  Extinct  Sloth  tribe  of  North  America,  pub- 
lished by  the  Smithonian  Institute  in  1855.  In  it  the  species  Megalonyx 
jeffersonii  is  established  for  the  first  time  on  a  solid  foundation,  and  the 
characters,  especially  of  the  dentition,  clearly  pointed  out. 

Megalonyx  loxodon,  Cope,  species  nova. 
The  two  teeth  of  the  first  type  may,  perhaps,  be  superior  ones ;  their 
curvature  accounts  for  the  obliquity  of  the  grinding  face  in  the  long 
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direction.  This  curvature  is  seen  in  teeth  of  M,  jeffersonii  (See  Leidy's 
Memoir  on  Extinct  Sloth  tribe,  PI.  VI.,  figs.  4-6),  which  do  not  appear 
to  be  straight  in  the  maxillaiy  bone  at  least,  at  any  time.  These  teeth 
differ  from  those  of  M.  jeffersonii  in  having  the  posterior  margin  thinned 
out,  while  the  anterior  is  thickened  by  the  near  aproximation  of  the 
interior  rib.  In  the  larger  of  the  two  the  posterior  margin  is  slightly  in- 
curved, the  exterior  convexity  thus  produced  opposing  that  of  the  anterior 
face  and  inner  rib,  as  one  short  side  of  a  romboid  does  that  opposite  to  it. 
The  section  of  the  smaller  dillers  in  the  shortness  of  this  intero-extemal 
face,  and  is  thus  rounded  subtriangularly  and  antero-internally,  as  de- 
scribed by  Leidy  in  the  M.  jeffersonii,  and  thus  difterent  from  that  seen 
in  the  M,  wJieatleyi.  The  external  face  has  an  open  longitudinal  con- 
cavity. The  triturating  surface  in  both  teeth  is  a  longitudinal  groove ; 
in  the  larger,  the  inner  margin  is  highest  anteriorly,  the  outer  highest 
posteriorly. 

These  teeth  I  suppose  to  represent  a  species  different  from  the  M, 
wheaileyi,  and  perhaps  from  the  M,  jeffersonit  also,  as  none  of  the  sections 
given  by  Leidy  (1.  c.  PI.  XVI),  approach  their  form.  The  nearest  is  his 
fig.  3,  where  the  section  of  the  billge  is  not  quite  central. 

Meqalonyx  wheatleyi,  Cope. 

Species  nova. 

Represented  especially  by  fourteen  canine  and  sixteen  molar  teeth,  but 
probably  also  by  the  greater  part  of  the  bones  above  mentioned.  The 
former  are  referable  to  eight  individuals,  to  which  perhaps  four  others 
should  be  added. 

The  characters  of  the  species  are  chiefly  visible  in  the  molar  teeth, 
which  in  the  maxillary  bone  are  acutely  trigonal  instead  of  triangular 
ovate  as  in  the  M.  jeffersonii ;  and  in  the  dentary  bone,  transversely, 
sometimes  narrowly,  pai-allelogrammic,  frequently  narrower  internally 
than  externally.  In  the  M.  jeffersonii  the  latter  are  almost  as  broad  as 
long,  of  equal  width,  and  with  the  inner  or  outer  margin  slightly  oblique. 

In  the  canine-molars  before  mentioned  of  the  second  and  third  tj'pes, 
we  have  but  little  or  no  curvature  of  the  shaft,  no  longitudinal  grooving 
of  the  outer  face,  the  outer  dentinal  wall  uniformly  higher  on  the  tri- 
turating surface  than  the  inner,  and  the  long  diameter  of  this  face  but 
little  oblique  to  the  transverse  plane  of  the  shaft.  As  both  superior  and 
inferior  molars  corresponding  in  size,  color,  and  number  to  these  teeth 
have  been  found,  I  suppose  the  latter  to  have  been  derived  from  both 
jaws. 

The  differences  in  these  teeth  are  to  be  seen  in  the  different  degrees  of 
development  of  the  dentine  layer,  and  of  the  bulge  on  the  inner  face,  and 
of  the  degree  of  compression  of  the  shaft.  Five  of  the  best  preserved  ex- 
hibit the  thickness  of  the  external  layer  continued  round  the  extremities 
of  the  grinding  surface,  and  then  rather  abruptly  contracting  wedge  like, 
into  the  thin  layer  of  the  interior  face.  In  two  other  teeth  this  con- 
traction takes  place  at  the  external  curves,  and  is  less  iu  degree,  the  inner 
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layer  being  more  uniform.  In  two  teeth  the  dentine  of  the  bulge  of  the 
inner  face  is  very  nearly  as  thick  as  that  of  the  outer  (F.  4).  As  regards 
the  form,  in  the  last  mentioned  tooth  the  bulge  is  well  developed  (as  in 
Leidy's  PI.  XVI.  fig.  1),  and  the  shaft  is  not  compressed.  In  the  two 
previously  mentioned,  the  shaft  is  short  and  the  bulge  very  low  and 
bounded  by  two  shallow  grooves;  in  one  (F.  6)  (which  is  accompanied 
by  the  posterior  molars),  it  has  a  shallow  median  groove.  In  the  five 
canine  molars  first  named  we  have  every  degree  of  compression.  In  one 
(F.  3)  the  shaft  is  stout,  and  the  bulge  larger  than  in  any  other,  about  as 
in  Leidy's  PI.  XVI.  fig.  2 ;  in  a  second  (F.  5)  the  shaft  is  similar,  with 
low  bulge,  like  fig.  7.  1.  c.  In  the  third  (F.  7)  from  a  large  individual, 
there  is  more  compression,  and  the  bulge  is  very  low  ;  the  last  two  are 
similar,  but  smaller ;  they  belong  apparently  to  opposite  sides  of  the 
same  animal  (F.8).  These  are  like  the  tooth  figured  and  described  by  Dr. 
Leidy  as  that  of  Megalonyx  dissimilis, 

I  am  inclined  to  refer  the  teeth  of  these  types  to  one  species,  a  view 
confirmed  by  a  study  of  the  molars.  They  are  all  stained  yellowish  or 
light  rust  color  except  one,  which  is  black,  and  which  is  associated  with 
three  posterior  molars  of  similar  color  and  corresponding  size.  The  re- 
maining posterior  molars  are  of  the  color  of  the  other  canine  molars,  and 
no  doubt  belong  to  the  same  individuals  in  part,  but  none  can  be  associ- 
ated with  the  same  certainty  as  the  black  specimens.  On  the  light  colored 
posterior  molars  I  propose  to  establish  the  M^gdlonyx  wlieaileyi^  since  I 
should  scarcely  distinguish  it  from  M^j^ffersonii,  or  M.  dissimilU  by  the 
canine- molars  alone.  There  can  be  no  question  that  the  forms  of  these 
teeth,  characteristic  of  the  two  supposed  species,  graduate  into  each  other ; 
the  characters  derived  from  the  development  of  the  interior  enamel  plate, 
may  be  distinctive,  but  in  that  case  there  is  at  least  one  other  undescribed 
species  in  the  series  I  have  explained  above.  M,  dmimilis  it  appears  to 
me  must  repose  on  the  posterior  upper  molar,  which  Leidy  shows  to  be 
transversly  oval  and  not  triangular  in  section.  That  tooth  is  as  triangular 
in  M,  wheaileyi  as  in  M,  jeffersoniu 

From  the  preceding,  it  is  probable  that  the  most  allied  species  of 
Megalonyx f  cannot  be  exactly  defined  by  the  characters  of  their  canine 
molar  teeth,  though,  as  in  many  species  of  Mammalia,  they  may  be  in- 
dicated by  the  extreme  forms  of  those  teeth,  the  range  of  variation  over^ 
lapping. 

The  8upertor-molars  (la)  belong  to  at  least  three  (perhaps  four)  in- 
dividuals. They  are  nearly  straight  trilateral  prisms,  so  worn  that  the 
inner  anterior  angle  is  the  most  elevated.  The  anterior  dentinal  plane  is 
slightly  convex,  the  posterior  concave  to  a  less  degree.  The  exterior 
angle  is  much  less  obtuse  than  in  Jf.  jeffersonii,  that  enclosed  by  the 
dentine  being  prolonged  and  very  narrow.  There  is  a  notable  difierence 
between  the  two  posterior  molars  of  the  superior  series,  preserved.  One 
belongs  to  the  individual  stained  black.  Both  are  slightly  bowed  pos- 
teriorly, and  both  have  a  subtriangular  section,  the  apex  directed  inwards. 
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In  the  liglit  colored  specimen  the  outer  face  is  wide  and  nearly  plane,  the 
anterior  very  slightly  convex,  and  the  posterior  concave,  making  an  open 
longitudinal  groove ;  the  external  angle  is  obtuse.  In  the  black  speci- 
men the  inner  face  is  narrower,  the  anterior  more  distinctly  convex,  and 
the  posterior  convex  also,  rounding  off  to  the  more  obtuse  external  angle. 
Both  these  teeth  are  worn  obliquely  as  in  3f.  jeffersonii. 

The  wearing  of  the  median  molars  is  transverse  to  the  axis  of  the  shaft 
anteriorly,  oblique  to  it  or  descending  inwards,  posteriorly.  The  wearing 
in  the  long  axis  of  the  jaw  bone,  is  obliquely  forwards  on  the  posterior 
dentinal  wall,  and  divided  on  the  anterior,  one  half  sloping  forwards  and 
the  other  backwards,  the  slopes  separated  by  a  sharp  ridge  of  the  dentine. 

A  single  tooth,  which  by  its  form  is  excluded  from  a  place  in  the  man- 
dible, and  by  the  character  of  the  wearing  of  its  crown,  can  be  none  other 
than  the  second  molar,  or  first  of  the  regular  series.  Its  form  is  very 
different  from  that  of  the  same  tooth  in  M,  jeffersoniiy  but  is  appropriate 
to  the  modification  described  below  as  characteristic  of  the  inferior 
molars  of  M,  wheatleyi.  There  is  no  anterior  wear  on  the  anterior  den- 
tinal plate,  indicating  the  absence  of  any  tooth  anterior  to  it  in  the  infe- 
rior jaw ;  this  plate  is  much  higher  than  the  posterior,  which  has  two 
worn  surfaces,  the  anterior  horizontal,  the  posterior  oblique.  The  middle 
of  the  crown  is  concave,  and  the  concavity  is  carried  across  the  dentine 
of  one  end.  The  tooth  is  in  section  a  transverse  parallelogram  with 
the  outer  short  side  oblique,  instead  of  parallel  to  the  inner.  Anterior 
face  slightly  concave,  posterior  slightly  convex. 

The  characters  of  the  inferior  ^nolars  are  established  by  three  posterior 
in  place  in  the  fragments  of  jaw  held  together  by  the  matrix  of  red  sand 
and  clay.  That  they  might  be  the  superior  series  of  another  species  is 
suggested  by  the  subtriangular  outline  of  two  of  them,  and  the  jaw  is  so 
fragmentary  that  it  is  not  sufficient  to  decide  the  case.  The  following 
points,  however,  are  conclusive.  If  they  were  superior,  the  terminal 
teeth  must  be  either  the  second  or  fifth  molars,  according  to  the  relation 
to  front  or  back  in  which  they  are  viewed.  That  neither  can  occupy 
this  place  is  proven  by  the  following  description: 

The  anterior  is  a  rather  narrow  transverse  parallelogram,  with  the 
sides  and  angles  rounded.  The  posterior  dentinal  plate  is  worn  trans- 
versely, the  opposite  one  is  oblique,  descending  to  one  side.  The  form  is 
worn  obliquely  away  from  the  centre  of  the  crown,  the  latter  is  plane. 
The  next  tooth  is  a  parallelogram  narrowed  towards  one  end,  which  is 
rounded  obliquely  to  the  other  sides ;  it  is  narrower  than  the  last,  and 
the  dentinal  plates  are  worn  in  exactly  the  same  way.  The  last  tooth  is 
much  wider  than  the  others,  and  has  a  subtriangular  outline,  the  narrow 
end  very  wide  and  obtuse,  and  on  the  same  side  as  the  narrowed  end  of 
the  one  in  front  of  it.  The  outline  is  worn  in  the  same  manner,  except 
that  the  angle  at  one  end  of  the  base  of  the  triangle  is,  perhaps,  more 
elevated. 

(1 .)  Neither  of  the  extremital  teeth  have  the  oblique  face  of  the  pos- 
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terior  one  of  the  known  species  of  Megalonyx,  nor  the  reduced  size,  so 
that  it  remains  to  ascertain  whether  either  of  them  is  the  first  superior 
molar.  (2.)  The  larger  is  evidently  not  so,  because  it  has  an  obliquely- 
worn  distal  face,  indicating  the  existence  of  another  tooth  beyond  it  in 
the  opposite  jaw.  (3.)  The  opposite  one  is  not  the  anterior  molar,  be- 
cause (a)  its  anterior  dentinal  face  is  worn  horizontally,  not  obliquely 
backward,  indicating  an  overlapping  tooth ;  (b)  because  the  oblique  wear 
of  the  dentine  would,  on  the  supposition  that  it  is  the  first,  be  thrown 
on  the  posterior  instead  of  the  anterior  faces  of  the  other  molars ;  (c)  and 
because  its  form  is  narrower  than  the  other  teeth,  instead  of  wider  as 
in  other  species. 

Confirmatory  of  this  conclusion  is  the  fact  that  no  palate  can  be  dis- 
covered among  the  fragments  where  it  should  be,  were  these  teeth  max- 
illaries.  The  question  as  to  the  relation  of  ends  is  settled  by  the  fact 
that  the  plane  of  the  crowns  rises  to  the  narrower,  which  would  thus  be 
anterior.  Also  the  large  tooth  has  the  oblique  surface  for  the  last  supe- 
rior molar,  which  the  anterior  has  not.  The  fragments  of  the  jaw  indi- 
cate the  same  thing,  rising  (towards  the  corouoid  process)  at  the  large 
tooth  and  falling  at  the  narrower.  The  latter,  then,  for  the  above  rea- 
sons, I  assume  to  be  the  anterior. 

M. 

Length  of  three  juxtaposed  crowns 0.053 

"      anterior  crown,  inner  end 013 

"  **  *«      outerend 013 

Width  **  **  02 

Length  of  last  "        outer  end 014 

"        **  "        inner  end 0016 

Width  '*  "  02 

Length  of  shaft  first  tooth 054 

There  are  five  isolated  molars  of  the  same  type  as  the  above.  Three 
of  these  are  evidently  anterior  or  second  inferior  molars,  two  of  the  left 
Bide  and  one  of  the  right.  Their  section  is  suboval,  and  all  the  details, 
size,  &c.,  are  as  above  described.  Two  others  are  like  the  second  (or 
third)  inferior  molars.  One  of  these  is  peculiar  in  being  a  little  concave 
on  the  anterior  face,  the  inner  extremity  very  oblique,  the  other  is  more 
oval. 

The  question  as  to  the  specific  relations  of  these  inferior  molars  may  be 
stated  as  follows.  Their  large  size  precludes  the  probability  of  their  be- 
longing to  either  M,  tortulus  or  M,  aphenodon.  They  appear  to  belong  to 
one  species,  without  doubt.  The  superior  molars  also  belong  to  one 
species,  and  as  no  other  species  is  represented  in  any  thing  like 
the  same  abundance,  it  is  reasonable  to  suppose  that  these,  with  the  most 
abundant  of  canine  molars,  belong  to  the  same  form  of  Megalonyx.  The 
canine  molars  differ  from  those  of  M,  loxodon,  and  the  posterior  upper 
molars  from  those  of  M.  dissimilis.  The  disproportion  between  the  sizes 
of  the  second  and  last  inferior  molars,  with  the  narrow  oval  and  triangu- 
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lar  forms  of  the  same,  separates  the  animal  from  the  M.jefferMnii,  The 
only  known  molar  of  M.  validus,  Leidy,  is  like  nothing  found  in  the 
present  species,  and  M.  rodens  and  if.  meridionalis  each  have  their 
peculiar  features.    I  therefore  call  the  present  animal  M.  wheatleyi. 


Another  molar,  perhaps  the  third  inferior  of  the  three,  is  larger,  and 
appears  to  belong  to  another  individual ;  it  is  a  little  wider  inwardly, 
and  resembles  Leidy's  fig.  13  of  PI.  XVI.,  except  in  its  narrower  angle 
and  perfect  symmetry.  It  may  belong  to  M.  wheatleyi,  but  the  outer 
angle  is  regularly  rounded  ;  it  may  be  if.  sphenodon.  It  differs  from 
those  of  M.jeffersonii  as  the  M.  wheatleyi,  in  the  greater  extension  in  a 
transverse  direction,  and  in  the  concavity  of  one  of  the  long  sides.  The 
enclosed  area  of  osteodentine  is  in  section  a  frustrum  of  a  narrow 
triangle,  instead  Of  rounded  parallelogrammic  as  in  if.  jeffersonii. 


Measurements  of  teeth. 


M. 


Long  diameter,  (Fig.  5)  light  cold,  canine  molar 0.0316 

018 

0325 

019 

035 

017 


Short        * 

(                            ((                   t< 

Long         < 

'       of  (Fig.  3)    " 

Short 

i                            ii,                      H                                    (< 

Long         * 

*        of  (Fig.  6)  black 

Short        * 

i                    a                n                          ( 
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Long  diameter  of  (Pig.  6)  black  super,  molar 021 

Short        **  **            ♦*                   *'            015 

Long         **  (Pig.  9)  light,                  ''            0215 

Short        "  *•               '<                    '' .0158 

Total  length  ''                   *'            062 

Long  diameter  4  super,  molar  of  (Fig.  6) 017 

Short         ''  "                      »«     Oil 

Long          "  *<                (Fig.  9) 018 

Short         **  ''                       "     0129 

Long         <<  inferior  molar        (light) 0223 

Short         **  "                      **     015 

Length      **  2d        "                 (loose) ' 0214 

Width        *«  **                             015 

There  are  vertebra  of  both  adult  and  young  animals.  An  axis  is  much 
like  to  that  described  by  Leidy  in  Megalonyx  jeffersonii.  The  centrum  is 
much  depressed,  with  a  strong  inferior  keel.  The  articular  faces  of  the 
lateral  abutments  and  of  the  odontoid  process  are  continuous.  This  pro- 
cess is  short  and  conic,  and  is  a  continuation  of  a  projection  of  the  cen- 
trum, which  is  notched  on  each  side  above,  at  its  anterior  limit,  for  the 
annular  ligament.  A  more  posteiior  cervical,  with  coossiiied  epiphyses,  is 
much  less  depressed,  and  is  about  as  broad  as  long.  A  caudal,  with  co- 
ossified  epiphyses,  has  subround  articular  extremities,  and  is  remarkable 
for  the  extent  of  the  chevron  articulation  of  both  ends  of  the  inferior 
aspect.  These  are  connected  by  a  lateral  lidge  which  encloses  a  deep 
fossa. 

Measurements  of  Vertebros, 

M. 

Length  axis 0.089 

Greatest  width 096 

"        neural  canal 035 

"Width  centrum  behind 044 

Depth  "  ??  .028 

Length  poster,  cervical 054 

"Width  **  articular  face 0565 

Depth  "  "         05 

Lengh  caudal 052 

Width     "        articular  face 057 

Depth     **  "        05 

"         "        young,  larger  animal,  with  separate  epiphyses 083 

**        articular  face,  dorsal  of  young 05 

Width  "  ** 062 

Length  centrum  of  "  0455 

The  earpals  do  not  present  marked  difiference  when  compared  with 
those  figured  by  Leidy  under  M,  jeffersonii.  Among  the  tarsals,  one  as- 
tragalus is  exactly  like  that  of  the  latter  species ;  another  is  deeper  and 
shorter,  viewed  from  the  inner  side,  with  vertical  truncation  below  in 
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front,  and  much  deeper  superior  ligamentous  pit.  Of  the  scaphoids,  two 
probably  of  the  same  animal,  are  deeper  posteriorly,  and  with  the  convex 
part  of  the  superior  articular  face  rounded  ;  four  others  are  flatter,  two 
witli  the  articular  face  above  rounded,  and  two  subcorneal.  The  cuboids 
differ  in  the  degrees  of  depression  of  form.  Two  are  more  depressed, 
three  larger  less  so,  and  one  still  less. 

The  metacarpaU  are  all  present,  and  belong  to  several  animals.  There 
are  four  of  the  first,  which  appear  to  have  belonged  to  two  species. 
Three  exhibit  the  articular  extremity  as  very  oblique  to  the  superior 
plane  of  the  bone,  and  including  a  groove  between  it  and  the  surface  of 
attachment  to.  the  2d  metacarpal.  The  inferior  surface  exhibits  a 
swollen  knob,  and  a  pit  behind  it.  The  fourth  is  nearly  plane  above  and 
below,  with  the  articular  ginglymus  at  right  angles  to  both,  and  articula- 
tion to  second  metatarsal  also  at  right  angles  to  them.  Ko  groove  be- 
tween these  surfaces,  but  a  regular  concavity.  Outer  extremity  not  pro- 
jecting as  in  the  first.  The  other  metatarsals  have  the  form  and  propor- 
tions already  described  by  Leidy. 

M. 

Length  of  Metatarsus  1 045 

Width        **  posteriorly 036 

Length       "  II,  059 

Depth         **  **  052 

Length       **  III,  0945 

Depth         "  "  057 

Length       **  IV,  104 

Depth         **  "  05 

The  phalanges  are  like  those  figured  and  described  as  belonging  to  the 
M,  jeffersoniu  Many  of  them  are  the  proximal  ones  of  greatly  shortened 
proportions,  characteristic  of  the  sloths.  The  penultimate  are  of  various 
sizes,  an  average  one  measures  as  follows: 

M. 

Length 0.071 

Depth  behind 045 

Width      "     037 

Bat  the  following  measurements  of  a  proximal  phalange  indicate  an 
immensely  large  example. 

M. 

Length 0.031 

Depth  behind 062 

Width       "     053 

The  ungueal  phalanges  are  compressed  and  curved,  with  obtuse  rounded 
superior  margin.  Only  one  exhibits  a  tendency  to  the  acute  superior 
margin  characteristic  of  those  typical  of  M,  jeffersonii,  though  claws  of 
both  kinds  have  been  ascribed  to  the  latter.  The  inferior  plane  is 
gently  convex.      The  insertion  for  flexor  tendon  is  expanded  laterally 
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over  the  origin  of  the  nutritious  foramen  on  each  side,  into  a  shelf :  gen- 
eral form  longitudinal  oval.  The  superior  direction  of  the  median  radius 
of  the  cotylus  for  the  last  phalange,  shows  that  the  claws  were  always 
flexed  to  some  degree. 

Fragments  of  many  long  bones,  including  many  condyles,  accompanied 
the  above,  but  in  the  lack  of  certainty  as  to  their  proper  reference,  are 
not  described. 

This  species  is  dedicated  to  Charles  M.  Wheatley,  of  Phoenixville,  to 
whom  Natural  Science  in  the  United  States  is  under  many  obligations. 
The  expense  and  much  labor  requisite  for  the  proper  recovery  and  elucida- 
tion of  the  remains  contained  in  the  cave  ar?  entirely  due  to  his  liberality 
and  exertions.  Similar  devotion  to  Science  has  preserved  to  us  the  finest 
series  of  fossils  of  the  triassic  period  of  the  Northern  States  in  exist- 
ence, and  the  finest  collection  of  fresh  water  shells  in  America. 

Megalonyx  dissimilis,  Leidy. 
Proc.  Acad.  Nat.  8ci.,  Phila.,  1852,  117.  Sloth  tribe  N.  A.,  45,  PI.  xiv., 
figs.  4 — 8,  xvi.,  8  and  15. 
Probably  represented  by  three  canine  molars,  which  belong  to  at  least 
two  individuals.  They  have  been  described  under  head  of  the  pre- 
ceding species  (see  lac).  The  canine  molars  are  the  only  ones  which 
can  be  compared  with  Leidy* s  figures  and  descriptions,  with  which  they 
agree  closely. 

Measurements  of  teeth, 

M. 

Long  diam.  canine  molar,  larger  individual  of  1  a  c 0.036 

Short     **  **  **  ** 0158 

Long     "  "  smaller  *•  033 

Short     ''  ''  ''  **  014 

Length  shaft        **  "  "  079 

This  species  is  evidently  about  the  size  of  the  M,  wJieatleyi  and  M, 
jeffersonii. 

Megalonyx  sphenodon.  Cope. 

This  species  is  the  smallest  of  the  genus  yet  known  from  North  Amer- 
ica. It  is  indicated  certainly  by  the  canine-molars  of  opposite  sides  of 
one  individual  only. 

These  teeth  are  flat  and  a  little  curved.  A  principal  peculiarity  con- 
sists in  the  regular  increase  in  their  diameter,  from  the  apex  to  the  base, 
in  both  the  longitudinal  and  the  transverse  directions.  The  long  diame- 
ter of  the  triturating  surface  is  four-fifths  that  of  the  base  where  broken 
oflF.  The  dentinal  layer  is  thick  externally  ;  it  contracts  after  turning, 
and  the  layer  of  the  inner  aspect  is  uniformally  thin,  but  less  so  than  in 
M.  dissimilis.  The  inner  bulge  is  well  marked,  and  is  a  little  nearer  the 
anterior  margin  than  the  posterior;  the  latter  is  the  thicker.  The  tritur- 
ating surface  is  slightly  oblique  in  the  long  direction,  as  in  the  two  species 
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preceding  this,  and  concave  transversely  ;  the  inner  dentinal  plate  being 
worn  much  lower  than  the  outer.  Exterior  face  of  tooth  regularly  and 
gently  convex. 

M. 

Length  of  fragment  of  tooth 0.044 

Long  diameter  at  grinding  face 035 

**  **        **  base  fragment 0275 

Short        ''        ''      **  **         0148 

*•  **        "  grinding  face 0125 

The  question  has  naturally  arisen,  whether  this  tooth  has  not  belong- 
ed to  a  young  animal  of  M.  wluatleyi  or  M,  jeffersonii.  Its  small  size  and 
subconic  form  would  suggest  this  view.  Teeth  of  the  monophyodont 
type,  generally  possess  the  character  of  those  of  the  successional  type,  in 
being  protruded  of  the  full  size,  and  not  increasing  in  diameter  with  age. 
Exceptions,  however,  occur  in  some  Bodeniia,  as  the  beaver.  It  has 
however,  never  been  seen  among  the  numerous  teeth  of  sloths,  which 
have  been  studied  by  authors,  while  a  genus  allied  to  Mylodon,  Sphenodon 
of  Lund,  presents  this  character  at  maturity.  Further,  the  most  ex- 
panded portion  of  these  teeth  presents  considerably  smaller  dimensions 
than  the  smallest  of  the  M^jeffersonii,  figured  by  Leidy  ;  the  diameter  of 
the  triturating  surface  is  only  .66  of  that  of  the  same,  (Leidy,  1.  c.  xvi, 
fig.  .6). 

In  the  moderate  development  of  the  inner  bulge,  these  teeth  are  like 
some  of  those  of  M.  wheatleyi. 

Megalonyx  tortulus,  Cope,  sp.  nov. 
Established  on  two  corresponding  canine-molars  of  opposite  sides  of  a 
sloth,  found  in  association  with  the  preceding.    These  teeth  are  more  dis- 
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tinctly  curved  than  in  the  three  species  preceding,  but  are  more  as  in  M.jef- 
fersonii  and  M.  loxodon.  Its  shaft  possesses  a  peculiarity  of  the  latter, 
which  is  not  seen  in  M,  wTieatleyi,  M.  dissimiiis  and  M,  sphenodon,  i.  e.,  it 
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is  twisted,  so  that  the  vertical  plate  of  the  triturating  surface  is  quite 
oblique  to  that  of  the  basal  portions  of  the  shaft. 

The  triturating  surface  is,  in  its  long  diameter,  transverse  to  the  mar- 
gins of  the  tooth  adjacent';  the  short  diameter  is  very  oblique.  The 
bulge  is  well  marked,  and  in  the  specimens  a  little  anterior  to  the  middle. 
The  inner  layer  of  dentine  is  thickest  anteriorly,  where  it  is  but  a  little 
narrower  than  the  thick  external  layer,  but  it  is  nowhere  very  thin. 
The  outer  face  is  concave,  a  feature  not  seen  in  the  three  species  above 
mentioned,  and  not  exhibited  by  any  of  the  sections  of  the  teeth  of  Jf* 
jeffersonii  given  by  Leidy,  1.  c. 

M. 

Length  of  fragment  of  tooth 0.043 

Long  diameter  grinding  surface 0232 

Short      **  "  **         0145 

These  dimensions  show  that  the  Megalonyx  tortulus  is  not  larger  than 
M.  sphenodorif  perhaps  not  so  large,  as  the  diameters  of  the  apices  of 
their  teeth  are  identical,  while  that  of  the  base  is  equal  to  the  apex  in 
the  former,  greater  in  the  latter.  The  concavity  of  the  outer  face,  and 
disposition  of  the  dentine,  are  entirely  different  from  that  seen  in  M. 
and  sphenodon  other  species,  and  more  as  in  M,  jeffersonii  and  M.  loxodon. 

For  the  better  discrimination  of  these  species,  the  following  synoptic 
table  of  dental  characters  is  added. 

A  Canine-molars,  much  curved,  of  equal  diameter. 
Large,  bulge  median  ;  grinding  surface  oblique.  M.  jeffersonii. 

Large,  bulge  anterior ;  grinding  surface  a  groove.  M.  loxodon. 

Small,  concave  externally.  M,  tortulus, 

B  Canine-molars  little  curved,  of  uniform  diameter. 
Molars  triangular,  canine-molars  less  compressed,  large.  M.  wheatleyi. 
Last  molar  oval,  canine-molars  more  compressed,  large.  M,dissiinilis, 

c  Canine-molars  little  curved,  diameter  contracting  to  the  apex. 
Bulge  median,  dentine  thin  within,  small.  M,  sphenodon, 

Mylodon,  Owen. 

MyLODON  ?  HAKLANI,  OWCU. 

The  remains  representing  this  genus  are  not  sufficiently  characteristic 
to  enable  me  to  determine  the  species  with  certainty.  They  consist  of  two 
imperfect  ungueal  phalanges,  and  the  distal  extremity  of  the  tibia.  The 
foi-mer  indicate  a  very  large  animal ;  they  are  stout,  convex  above,  with 
lateral  ridge  and  three  basal  plates.  The  flexor  insertion  is  broad  and 
flat,  the  foramina  well  developed.  In  the  second  phalange  the  middle 
inferior  plane  is  represented  by  an  obtuse  angle.  The  tibia  presents  the 
excavation  for  the  astragalus,  as  in  M,  robustus  Ow,*  but  is  narrower 
or  with  less  anteroposterior  diameter  than  in  that  species. 

♦See  Owen  on  Mylodon.  PI.  xx  fig.  4. 
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Measurements, 

M. 

Long  diameter  end  of  tibia 0. 135 

Short        **         *'  **     (transversely) 08 

Vertical  diameter  uugueal  phalange  at  nutritious  foramina 053 

Transverse    **  **  **  *'  **  037 

These  claws  are  similar  to  those  of  the  M.  harlani  which  have  been 
discovered. 

SciURTJS,  Linn. 

SciURUs  CALTCiKus,  Cope. 

Species  nova. 

Established  on  two  imperfect  rami  of  the  under  jaw,  with  the  incisor 
and  first,  second  and  third  inferior  molars  in  situ.  The  size  approxi- 
mates it  to  the  S.  Jiudsonius,  and  exceeds  that  of  the  S,  panolius.  The 
forms  of  the  ramus  so  far  as  visible,  is  not  unlike  that  seen  in  the  same 
squirrel.  The  characters  which  distinguish  it  from  S,  hudsonius^  are 
chiefly  to  be  seen  in  the  molar  teeth,  especially  the  anterior.  The  crowns 
of  all  are  deeply  cupped,  and  the  tritruating  surfaces  form  anterior  and 
posterior  narrow  bounding  bands,  which  widen  outwardly.  The  margin 
of  the  tooth  is  elevated  and  entire,  except  externally,  where  the  two 
usual  low  cusps  are  separated  by  a  deep  notch.  In  the  8.  hudsonius 
the  interior  and  exterior  margins  are  both  emarginate,  each  notch  sup- 
porting a  median  cusp,  thus  forming  three  on  each  side.  The  anterior 
molar  exhibits  this  character  still  more  strongly.  Its  crown  is  a  cup  as 
wide  as  long,  with  high  uninterrupted  margin,  except  on  the  outer  side, 
where  it  is  deeply  notched.  It  has  but  two  roots.  In  8.  hudsonius  this 
tooth  has  three  roots,  is  longer  than  wid^  and  has  three  marginal  cusps 
on  the  inner  and  outer  sides  of  the  crown. 

Length  of  three  crowns  ra.  0048  ;  length  exserted  portion  of  inferior 
incisor  m.  007  ;  transverse  diameter  do.  at  point  of  issue  m.  0023. 

From  the  extent  of  the  worn  surfaces  of  the  molars,  the  animal  de- 
scribed is  adult.  The  second  ramus  is  of  the  same  size ;  the  dental 
series  is  complete,  and  the  teeth  are  worn  so  as  to  present  a  dentinal  area 
surrounded  by  a  thin  margin  of  enamel.  The  outlines  of  the  teeth  are 
like  those  of  the  first  specimen. 

As  compared  with  8.  panolius,  the  species  is  larger,  and  differs  in  the 
form  of  the  m.  1,  as  much  as  in  the  case  of  8,  hudsonius, 

Jaculus,  Wagler. 
Jaculus  ?  hudsonius,  Zimm. 
One  ramus  mandibuli  with  incisor  and  second  molar  preserved.  The 
latter  nearly  resembles  the  figure  in  F.  Cuvier's  Dents  des  Mammifers, 
and  the  ramus  is  about  the  size  of  that  of  the  existing  jumping  mouse. 
Nevertheless,  in  lack  of  specimens  of  the  cranium  of  the  latter,  I  am 
unable  to  determine  its  specific  relations,  now  first  found  in  the  Postplio- 
cene. 
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Hesperomys,  Waterhouse. 
A  ramus  with  first  and  second  molars  and  incisor,  agreeing  in  details 
of  structure,  with  the  group  with  which  our  recent  H,  leucopus  is  type, 
and  of  the  size  of  that  species,  not  certainly  referable  to  the  latter, 
without  further  comparison. 

Arvicola,  Lacep. 

"Remains  of  species  of  the  genus  are  numerous  in  all  the  cave  forma* 
tions  of  the  United  States  which  I  have  examined.  Those  obtained  by 
my  friend,  C.  M.  "Wlieatley,  are  referable  to  three  sections  of  the  genus, 
one  of  them  the  group  Pitymys,  as  defined  by  Prof.  Baird,t  the  others 
new;  one  intermediate  between  Arvicola  and  Pitymys,  and  third  an  ex- 
aggeration of  the  peculiarities  of  the  last.  They  are  defined  as  follows, 
the  character  of  the  sub-genus  Arvicola  being  added  for  comparison. 

Arvicola,  Lac.  Anterior  lower  molar  triangles  1  ^f  5,  1  three  lobed  ; 
middle  lower,  1  | ;  middle  upper,  1  f . 

A.  riparta,  Ord.* 

Isodelta,  Cope.     Anter.  inf.  molar,  If  ;  1  three  lobed  ;  2d  inf.  mol.  1  f. 

A.  speothen,  Cope. 

Pitymys,  McMurtrie.    Ant.  inf.  mol.  1  f  1,  lobed  ;  2d  inf.  mol.  1  }  1. 

A.  pinetorum,  Lee.  A,  sigmodus,  Cope.  A.  didelta.  Cope.  A,  tetra^ 
delta,  Cope. 

Anaptogonia,  Cope.  Ant.  inf.  mol.  1  f,  1  several  lobed,  the  triangles 
all  connected  medially,  the  posterior  nearly  enclosed. 

A.  hiatidens,  Cope. 

The  third  group  is  represented  by  the  greatest  number  of  individuals 
and  species. 

Arvicola  speothbn.  Cope. 

Sp.  nov. 

This  species  is  represented  by  the  entire  dentition  of  the  left  ramus 
mandibuli,  with  a  few  fragments  of  the  adjacent  bone.  As  already 
pointed  out,  its  characters  entitle  it  to  rank  as  a  distinct  section  of  the 
genus.  Thus  the  triangles  of  the  inner  side  of  the  anterior  inferior  mo- 
lar are  one  less  than  in  any  species  of  the  section  Arvicola,  The  anterior 
loop  presents  two  well  marked  angular  basal  areas,  while  its  terminal 
portion  is  regularly  rounded.     The  accompanying  outline  will  give  a  good 

fl  have  depended  on  Prof.  Baird's  well  known  work  in  studying  this  genus. 

•Arvicola  riparia,  Ord. 

Baird.  U.  8.  Pac.  R.  R.  Surv  ,  vili.  522. 

This  species  has  not  yet  been  found  in  the  Port  Kennedy  cave,  and  I  Introduce  it  for  the  purpose 
ofrecording  its  occurrence  in  the  cave  breccia,  Wythe  Co.,  Virginia,  whose  contents  I  examined 
and  described  In  Proc.  Am.  Phil.  Soc„  1869, 171.  It  is  represented  by  a  left  ramus  mandibuli,  en- 
tire except  in  the  angle  and  condyle,  and  with  complete  dentition.  The  size  and  proportions  are 
identical  with  thooe  of  the  existing  species,  as  are  also  the  triangles  and  form  of  terminal  trefoil 
lobe  of  the  anterior  inferior  molars.  There  is  no  difference  to  be  observed  between  the  third  infe- 
rior molar  when  compared  with  that  of  A.  riparia  from  Pennsylvania,  but  the  anterior  alternate 
triangles  ofthe  second,  are  not  Isolated,  the  reentrant  inflection  of  the  external  enamel  plate  not 
reaching  the  internal,  as  in  the  recent  animal. 
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idea  of  its  form.  That  this  is  not  one  of  the  species  of  Pitymys,  in 
which  the  basal  lobe  of  the  anterior  trefoil  has  been  cut  off  by  unusual 
inflexion  of  the  enamel  angle,  is  demonstrated  by  the  structure  of  the 
second  molar,  which  is  precisely  that  of  typical  Arvicola,  all  the  triangles 
from  the  postenor  being  isolated  and  alternating,  producing  the  formula, 
1 1 0.  The  third  molar  has  the  usual  formula,  1-1-1,  the  posterior  two 
lobes  being  crescentic,  the  anterior  trapezoid. 

Measurements. 

M.  , 

Length  grinding  surface  inferior  molars,  (No.  1) 0.0068 

**  **  »*        1st    "        *•  **        003 

"    fang  and  crown      **      "        **  **        005 

The  structure  of  the  molar  triangles,  i.  e.,  their  acuteness  and  thinness 
of  enamel,  induces  me  to  describe  here,  without  any  certainty  of  refer- 
ence, the  superior  molar  teeth  of  one  individual  found  near  the  same  time. 
The  formulae  of  the  supeiior  molars  are  (1)  1  ^,  (2)  1 5,  (3)  ?  this,  so  far 
as  known,  identical  with  that  of  A.  didelta.  In  another  specimen  repre- 
sented by  incisor  and  sup.  m.  1.,  the  former  has  an  oblique  antero-exter- 
nal  face,  with  narrow  truncate  outer  face ;  enamel  not  striate,  emarginate 
at  the  cutting  edge.  In  A.  didelta^  (fossil,  below),  the  antero-extemal 
face  is  more  oblique,  and  without  defined  external  plane  ;  the  end  is  not 
emarginate  (in  one  specimen).  This  tooth  appears  to  be  relatively  small- 
er and  weaker  in  the  ?-4.  speothen, 

,         M. 

Length  fang  and  crown,  1st  superior  molar  (No.  3) 004 

Width  enamelled  face  incisor      "  '*     001 

Arvicola  tetradelta,  Cope. 
8p.  nov. 

Represented  by  a  portion  of  the  cranium,  which  embraces  the  2d  and  3d 
superior  molars,  and  parts  of  the  m.  1,  and  incisor.     The  formula  of  the 


two  molars  perfectly  preserved  is  1  ^,  1  |.  The  terminal  triangles  are  as 
well  developed  inside  as  outside  ;  the  others  are  mther  small  and  obtusely 
angulated.  Those  of  the  m.  8,  are  entirely  separated,  and  the  last  is  not 
followed  by  a  loop,  but  is  completely  enclosed  behind  by  the  vertical 
enamel  plate,  which  bounds  the  corresponding  triangle  in  the  m.  2.  This 
is  a  character  which  distinguishes  this  species  from  any  other  of  the 
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genus  Arvicola  which  has  been  described  from  North  America,  of  which 
the  corresponding  tooth  is  known.  The  last  triangle  is  slightly  angulate 
in  posterior  outline. 

M. 

Length  grinding  face  of  m.  sup.  2  and  3 0.0087 

It  is  only  necessary  to  compare  this  species  with  the  A.  speothen  and 
A.  involupay  in  which,  unfortunately,  the  corresponding  tooth  is  unknown. 
Its  small  and  obtuse  triangles  distinguish  it  from  the  former.  As  reduc- 
tion of  the  terminal  loop  of  the  m.  inf.  1  is  characteristic  of  the  latter, 
the.  present  tooth  might  be  suspected  to  belong  to  it,  but  there  is  a  real 
increase  in  the  number  of  triangles  over  that  of  the  most  nearly  allied 
species.  A,  dideUOy  and  of  the  section  Pitpmyt,  to  which  it  belongs, 
pointing  most  to  the  sections  Isodelia  or  Arvicola.  Size,  .25  less  than  A. 
speothen. 

Abvicola  didblta,  Cope. 
Species  nova. 

Represented  by  the  mandibular  rami  of  five,  and  superior  dentition  of 
probably  three  individuals.  One  imperfect  cranium  contains  the  denti- 
tion of  both  jaws,  thus  fixing  the  relations  of  fragmentary  specimens, 
especially  in  the  more  important  relation  of  the  anterior,  inferior  and 
posterior  superior  molars.  The  characters  of  these  show  that  it  is  allied 
to  the  A.  pinetorum.  The  accompanying  cuts  illustrate  the  form  of  the 
first  inferior  molar  tooth.  The  ridges  are  four  internal  and  three  exter- 
nal. The  second  molar  exhibits  the  formula  1 1 1,  the  anterior  area  with 
an  approach  to  division  into  two  triangles,  alternating.  This  peculiarity 
is  not  seen  in  Prof.  Baird^s  figure  of  A. pinetorum,  1.  c.  liv.  1719,  nor  does 
the  latter  represent  the  loops  of  the  last  molar,  as  exhibited  by  our  speci- 
mens. In  the  figure  they  are  oval,  in  our  specimens  angulate  crescentic. 
As  the  figure  does  not  agree  with  the  description,  I  do  not  rely  on  it  for 
these  details. 

A  more  important  difference  is  seen  in  the  structure  of  the  superior 
third  molar,  which  Baird  describes  and  figures  as  having  but  three  isola- 
ted areas,  the  lateral  angles  being  sub-opposite  and  confluent  medially. 
In  A.  didelta,  there  is  an  internal  and  an  external  triangle,  each  entirely 
isolated,  besides  the  anterior  and  the  posterior  loops.  The  last  differs  a 
little  in  its  developments  ;  in  one  it  is  broad  heart-shaped,  the  apex  jws- 
terior ;  in  another  elongate,  the  sides  a  little  concave  ;  in  a  third,  more 
elongate  and  concave.  The  formula  of  triangles  of  both  series  then  is: 
Sup.  1,  1|.  2,  IJ.  3,  IJl.     Infer.  1,  Ifl.  2,  1}1.  3,  ? 

Prof.  Baird  does  not  describe  the  triangles  of  the  posterior  superior 
molars  in  the  Arvicola  austera  as  isolated,  though  it  might  be  inferred 
from  his  language.  His  figure,  however,  resembles  that  of  the  A.  piTie- 
t^rvm,     (See  Baird,  tJ.  S.  Pac.  R.  R.  Surveys,  viii,  539.) 

Abvicola  involuta,  Cope. 
Species  nova. 

Established  on  a  nearly  complete  ramus  mandibuli,  with  dentition  per- 
fectly preserved,    It  is  nearly  allied  to  the  A.  pinetor%im,  differing  prin 
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cipally  in  the  form  of  the  anterior  lower  molar ;  (see  accompanying  cut). 
The  anterior  lobe  of  this  tooth  is  much  shortened  and  cresceutic,  the  in- 
ner horn  of  the  crescent  being  the  apex  of  a  ridge  of  the  tooth.  Thus  there 
are  five  internal  and  three  external  ridges  to  the  tooth.  Triangles  of 
inferior  series  (1)  If  1  three  lobed  ;  (2)  1^1  ;  (3)  1,  1,  1.  The  anterior  loop 
of  the  second  molar  is  contracted,  outlining  two  triangles  .  the  lobes  of 
the  third  are  angular  sub-crescentic,  the  anterior  trapezoid.  This  molar 
differs  distinctly  in  structure  from  that  of  the  next  species,  q.  v.  The 
A.  involuta  is  nearer  the  A,  pinetorumy  and  is  of  the  same  size. 

Akvicola  sigmodtjb.  Cope. 

Species  nova. 

This  species  belongs  to  the  same  group  (as  characterized  by  dentition), 
as  the  last  two,  and  is  of  about  the  same  size,  viz:  about  that  of  our  com- 
mon A,  Tvparia.  It  is  represented  by  three  imperfect  mandibular  rami, 
two  with  dentition  complete,  the  other  with  the  posterior  molar  only 
wanting.  Its  characters  are  near  those  of  A,  austera,  Lee,  as  pointed 
out  by  Prof.  Baird.  It  differs  from  the  A,  didelta  and  A,  involuta  of 
the  present  paper,  in  the  five  lobed  anterior  loops  of  the  first  inferior  mo- 
lar. The  loop  has,  therefore,  besides  the  two  basal  unenclosed  triangles, 
a  smaller  projecting  angle  on  each  side,  and  the  terminal  slightly  angu- 
lated  lobe.  In  the  most  typical  specimen,  the  median  angles  of  this  lobe 
are  as  prominent  (fig.  a)  as  the  basal,  or  the  triangles,  though  the  loop  of 
the  lobe  is  not  angulated  at  the  end. 

There  are,^  thus,  five  internal  and  four  external  ridges  of  the  tooth. 
The  triangles  are  as  usual  If  1,  5  lobed,  (2)  l|l,  (3),  1,  1,  1.  The  ante- 
rior loop  of  the  second  is  contracted  as  in  the  two  preceding  species. 
The  third  is  quite  different  from  that  described  under  the  head  of  A.  in- 
valuta,  and  that  figured  by  Baird  for  A.  ptnetorum.  Thus,  its  three  loops 
are  chiefly  extended  inwardly,  their  outer  angles  projecting  very  little 
beyond  the  point  of  junction  \.  they  form  a  w  or  sigma-shaped  grinding 
surface,  whence  the  name  of  the  species.  Prof.  Baird' s  figure  of  A.  aus- 
iera  represents  the  first  inferior  molar  of  this  species  exactly,  but  is  very 
different  in  form  of  the  last,  which  is  like  that  of  the  A,  involuta.  Should 
however,  the  character  as  here  described  in  this  tooth  of  A,  sigmodus,  be 
found  to  occur  in  the  A,  austera,  the  former  name  will  become  a  synonyme 
of  the  latter. 

Measu/rements. 

M. 

Length  grinding  surface  infer,  molars,  (No.  1.) 0.0065 

"  <*  **    1st     *'        **  " .003 

"      fang  and  crown        **        ''  ■    '' ,  .004 

Width  inferior  incisor 0015 

The  dental  series  of  the  more  typical  specimen,  whose  m.  1  is  outlined 
in  fig.  a,  is  smaller  and  relatively  a  little  narrower  than  the  others. 

The  supposed  superior  maxillary  dentition  is  represented  by  both  series, 
that  of  the  left  side  lacking  the  first  molar,  with  the  palatine  surface  and 
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one  upper  incisor.  The  lobe  foi-mula  is  If ,  IJ,  1,|  t  three  lobed.  The  lobe, 
of  the  posterior  molar  is  quite  elongate,  and  divaricates  into  two  angles 
anteriorly,  the  external  of  which  is  almost  isolated,  almost  giving  the  form- 
ula for  the  tooth  1^  1.  The  teeth  of  both  sides  are  exactly  alike.  The  near 
approach  to  isolation  of  this  external  angle  is  due  to  the  deep  inflection 
of  the  posterior  inner  groove,  and  very  near  approach  to  a  corresponding 
incurvature  of  the  lobe.  This  specimen  is  referred  to  the  A,  aigmodus  by 
the  analogy  to  the  relation  between  superior  and  inferior  molars  seen  in 
A.  didelia.  In  the  latter  the  terminal  loop  of  the  inferior  m.  1  is  more 
simple  and  the  loop  of  superior  rn.  3,  agrees  with  it  in  its  simplicity,  hav- 
ing nearly  the  same  form.  The  increased  complexity  of  the  anterior  loop 
of  the  inferior  m.  1  in  -4.  sigmodus  is  shared  by  the  m.  3  sup.  here  de- 
scribed, though  not  in  exactly  the  same  manner.  I  refer  it,  therefore,  to 
this  species  with  a  reservation. 

M. 

Length  of  dental  series 0.007 

Width  between  middle  of  m.  m.  2 005 

**        incisor  tooth  in  front 0015 

Length  from  m.  2  to  incisive  foramen 0049 

Abvicola  hiatidens.  Cope. 
Species  nova. 
Represented  by  several  molar  teeth.    These  are  several  times  as  large 


as  the  teeth  occupying  the  same  position  in  any  of  the  species  already 
mentioned  in  this  essay,  and  suggest  the  genus  Fiber.  The  distinctive 
features  of  the  latter  are  the  compressed  oar-like  tail,  with  rooted  molars, 
and  it  is  evident  that  the  relationship  of  this  species  is  not  to  it.  Perhaps 
it  is  neither  an  Avicola  nor  a  Fiber,  since  it  differs  in  the  structure  of  the 
teeth  from  the  known  species  of  both.  None  of  the  triangles  are  isolated, 
but  are  connected  by  a  narrow  strip  of  dentine,  which  is  narrow  posteriorly 
but  widens  anteriorly  until  it  opens  out  into  the  terminal  loop.  Thus 
the  sectional  name  Anaptogonia  may  be  found  ultimately  applicable  to  a 
separate  genus.  The  separation  of  the  enamel  folds  merely  carries  to  the 
highest  degree  that  which  is  seen  in  the  anterior  part  of  the  tooth  of  A, 
sigmodus. 


Digitized  by 


Google 


Cope.]  92  [AprU  7, 

In  the  inferior  m.  1,  the  triangles  which  do  not  open  on  one  side  to  the 
anterior  loop  are  If,  then  one  on  each  side,  and  the  short  wide  terminal  loop 
which  is  bilobed  or  emarginate  in  the  m iddle  of  the  end.  The  lidges,  which 
are  very  prominent  and  acute,  are,  therefore,  | ;  at  the  extremity  there  are 
two  short  ones,  between  which  a  third  and  more  prominent  one  rises  a  little 
below  the  grinding  surface.  A  little  more  attrition  would  give  the  distal 
loop  a  trilobate  outline,  and  a  little  more,  an  acuminate  one,  from  the 
loss  of  the  lateral  angles ;  finally  the  median  ridge  disappears  also.  In 
its  present  state  one  of  the  terminal  lobes  is  almost  external,  making  the 
ridges  |. 

MeaBurements.  M, 

Length  cfrinding  surface 0.005 

Width  ** 0024 

Length  fang  and  crown 0078 

The  accompanying  cut  of  twice  natural  size  explains  the  above  remarks. 
Two  opposite  molars  held  in  natural  relation  by  the  matrix,  resemble 
the  above  in  structure  and  size  so  closely  as  to  leave  little  doubt  that  they 
belong  to  the  same  species.  Whether  they  should  be  referred  to  the 
superior  or  inferior  series  is  uncertain,  though  analogy  with  the  Hypu- 
dcBua  gapperi  would  suggest  the  latter.  They  represent  the  right  and 
left  second  molars,  and  the  triangular  areas  if  isolated,  would  be  IJ,  not 
one  of  them,  however,  is  isolated,  the  dentine  being  continuous  round  the 
entering  angles  of  enamel.  The  failure  of  these  angles  to  reach  the 
enamel  margin  of  the  side  towards  which  they  are  directed,  and  an  ap- 
proach to  parallelism  of  the  entering  ana  projecting  enamel  plates  pro- 
duces a  triturating  surface,  having  the  form  of  a  succession  of  Ws. 
This  is  the  reverse  of  what  occurs  in  Eypudceus  gapperi  according  to 
Prof.  Baird,  where  the  triangles  become  confluent  at  their  bases,  thus 
extending  all  across  the  crown  ;  the  same  thing  is  seen  in  the  posterior 
inferior  molar  in  all  the  species.  Tbere  is  no  trace  of  roots  to  these  teeth 
or  that  previously  described.  Length  of  crown  of  second  molar,  m.  0056. 
A  third  specimen  is  represented  by  the  molars  of  both  maxillary  bones, 
much  broken,  the  posterior  of  one  of  the  series  only  being  entire.  This 
tooth  is  slightly  curved,  and  exhibits  three  ridges  on  one  side,  and  four 
on  the  other;  triangles  1^-  and  a  short  loop  with  two  basal  angles,  the 
inner  more  prominent  tlian  the  other.  Kone  of  these  triangles  are  isolated, 
but  are  rather  angular  expansions  of  the  continuous  dentine.  The  two 
inner  angles  are  much  more  prominent  than  the  outer,  but  in  old  age  they 
would  probably  be  equal,  judging  from  their  appearance  at  the  base  of  the 
tooth.  Viewed  from  below,  they  appear  to  be  closed,  showing  that  the 
character  of  the  group  Anaptogonia  in  this  respect  is  derived  from  a 
**  retardation"  of  growth  in  a  point  which  is  early  attained  in  true  Arvieola. 

M. 

Length  of  tooth • 0.005 

"        crown 0.003 

Width  palate 0.004 
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Ebethizon,  Cuv.    ' 
The  remains  of  a  porcupine  of  the  existing  North  American  genus 
occur  in  the  deposit.    It  is  evidently  different  from  the  recent  E,  dorsatum 
and  presents  the  following  characters. 

Erithizon  CLOACiNUM,  Cope. 

Species  nova. 

Represented  by  a  last  superior  molar  of  the  left  side,  and  a  portion  of 
one  of  the  inferior  incisors.  The  former  indicates  the  distinctness  of  the 
species  by  two  peculiarities.  One  of  these  is  the  greater  vertical  depth  of 
the  external  inflection  of  enamel.  It  is  nearly  as  deep  as  the  internal, 
while  in  E.  dorsatum  it  is  very  much  shallower,  the  internal  extending 
down  to  the  alveolar  border.  This  appearance  in  the  present  species  is 
not  due  to  deficient  attrition,  for  the  molar  in  question  is  well  worn,  so 
as  to  leave  the  margins  of  the  anterior  island  well  posterior  to  the  anterior 
enamel  margins  of  the  tooth.  This  anterior  island  is  a  transverse  oval, 
slightly  concave  behind. 

The  general  form  of  this  tooth  is  T  shaped,  with  an  expanded  triangular 
base.  The  second  specific  character  is  seen  here  ;  for  while  the  recent 
species  posesses  an  enamel  islp,nd  or  annulus  which  occupies  this  space 
entirely,  the  E,  cloacinum  exhibits  two,  the  additional  one  being  on  the 
inner  side  and  smaller  than  the  usual  one.  It  is  suboval,  and  occupies 
the  inner  posterior  angle  of  the  triturating  surface,  which  is  expanded, 
and  less  than  a  right  angle.  I  find  no  trace  of  this  in  five  crania  which  I 
had  the  opportunity  of  examining.*  The  sizes  of  both  this  tooth  and  the 
incisor  are  about  equal  to  the  largest  seen  in  the  E,  dorsatum.  The 
enamel  of  the  latter  is  not  smooth,  and  has  a  minute  interrupted  striation. 

Antero-posterior  diameter  of  crown  of  molar  m.  0076 ;  transverse  do. 
m.  0077 ;  width  anterior  face  of  incisor  m.  0055. 

Lefus,  Linn. 
Lbpus  sylvaticus,  Bachm. 
Portions  of  crania  of  six  individuals  not  distinguishable  from  this 
recent  species.  The  palatal  surface  of  one  is  exposed,  and  is  longer  in 
relation  to  its  width  than  in  a  recent  example.  Thus  in  the  former  the 
length  enters  the  width  between  the  two  anterior  alveoli  1.2  times ;  in  the 
latter  1.6  times.  In  Prof.  Baird's  figure  it  enters  1.4  times.  Some  of  the 
specimens  are  smaller,  some  larger  than  the  average  of  our  recent  ones. 
One  of  them  had  an  oval  mass  of  carbonaceous  matter  in  its  mouth, 
probably  the  remains  of  its  unswallowed  vegetable  food. 

Praotherium,  Cope. 

Molars  similar  to  those  of  Lepus,  rootless,  with  oval  crowns  transverse 

to  the  axis  of  the  series,  all  simple ;  masticatory  surface  not  divided  by 

median  ridge,  enamel  boundaiy  emarginate  on  the  inner  side.     Number 

in  maxillary  bone?  four. 

•  I  owe  a  skeleton  of  the  E,  dorsatum  from  Muncy,  Penna.,  to  the  kindness  of  my  fhend,  Jas.  S. 
Lipplncott. 
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PHAOTHERIUM  PALATINUM,    Cope. 

Species  nova. 

This  rodent  is  represented  by  the  palatal  region  of  the  cranium  of  one 
individual,  with  four  superior  molar  teeth  of  each  side  in  position.  The 
latter  diverge  symmetrically,  probably  in  consequence  of  pressure.    But  a 


small  part  of  the  palatine  surface  is  preserved.  The  normal  number  of 
teeth  is  uncertain,  but  the  anterior  tooth  is  known  from  its  relation  to 
the  fragments  of  maxillary  bone  and  perhaps  zygomatic  arch.  It  resem- 
bles the  three  molars  which  follow  it.  Behind  the  fourth  no  trace  of 
tooth  or  bone  could  be  found  on  exploring  the  matrix,  though  the  latter 
was  unbroken,  hence  it  is  possible,  though  not  certain,  that  there  were 
none. 

The  genus  differs  from  those  of  the  Geomyinae  of  Baird,  in  the  sim- 
plicity of  the  first  molar.  The  wide  palate  and  narrower  zygoma,  as 
well  as  the  forms  of  the  teeth,  are  those  of  the  rabbits,  but  it  differs  from 
the  two  genera,  Lepus  and  Lagomya,  in  the  identity  of  structure  of  the 
first  molar  with  the  others,  and  the  absence  of  an  enamel  band  dividing 
the  triturating  surface  of  each  of  them.  In  some  of  the  teeth  a  trace 
of  the  dividing  lamina  is  visible,  but  does  not  appear  to  have  been  ele- 
vated into  a  crest  of  the  grinding  surfaces. 

In  specific  characters,  this  rodent  differs  from  our  rabbits  in  its  small 
size,  and  in  having  the  molars  deeply  longitudinally  grooved  on  the  inner 
face,  instead  of  the  outer.  In  worn  teeth  this  groove  is  continued  into 
the  grinding  surface  of  the  crown,  without  interruption  from  the  enclos- 
ing enamel.  The  form  of  this  surface  is  then  an  oval,  notched  on  the 
inner  side,  and  rounded  or  slightly  truncated  on  the  outer.  The  palatine 
face  is  but  partially  preserved,  and  is  considerably  wider  in  proportion  to 
the  diameter  of  the  teeth  than  in  Lepus  sylvaticua. 

M. 

Length  crown  of  four  consecutive  molars 0.0061 

Width        "  one  molar 0021 

**      palate  between  bases  of  molars 0100 

ScALOPS,  Cuv. 
The  only  remain  certainly  referable  to  this  genus  is  a  humerus.    As  the 
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form  of  this  element  is  very  characteristic  among  the  Talpidse,  the  spe- 
cies may  be  determined  from  it  with  considerable  precision.  Its  form 
is  less  stout  than  in  Talpa  europcea  and  Sealops  aquaticuB,  but  consider- 
ably more  so  than  in  Condylura  eristata.  In  the  uncertainty  as  to 
whether  it  can  belong  to  Sealops  breweri,  I  leave  it  without  a  name. 

?  Vespertilio,  Linn. 

Numerous  slender  bones  referable  to  this  or  an  allied  genus,  are  found 
in  the  cave  deposit. 

Mastodon,   Cuv. 
Mastodon  ambbicanus,  Cuv. 

Numerous  fragments  of  teeth,  cranium,  vertebrae,  and  extremities,  of  a 
large  individual,  with  tusks  measuring  five  to  six  inches  in  diameter. 
Some  three-crested,  and  several  primary  or  two-crested  molars,  indicate 
a  second,  smaller  animal. 

Tapirus,  Briss.   . 
Tapirus  americanus»  Auct. 

Numerous  teeth  from  all  positions  in  both  jaws  indicate  several  indi- 
viduals of  different  sizes.  Some  of  them  are  of  the  size  of  the  existing 
species  of  South  America,  and  do  not  exhibit  any  diiferences  of  specific 
importance. 

Tapirus  haysii,  Leidy. 

Holmes'  Postplioc.  Foss.  S.  Ca.,  PI.  xvii.  figs.  4,  5,  7,  8. 

Four  superior  and  six  inferior  molars  do  not  diflfer  in  any  respect  from 
those  of  the  preceding  species,  excepting  in  size.  In  this  they  exceed  the 
latter,  having  about  twice  the  superficial  area.  Leidy  appears  to  have 
proposed  this  species  on  account  of  size  only,  and  the  specimens  may  in- 
dicate a  valid  species.  Two  superior  molars,  perhaps  referable  to  the 
T,  americanus,  differ  less  in  size,  exceeding  a  little  those  of  our  recent 
specimens. 

Dimensions  of  three  superior  molars  of  the  largest  {T,  haysii),  medium 
and  smallest  (T.  americanus)  size  are  given.  The  last  two  are  worn,  the 
first  had  not  protruded  through  the  gum. 

M. 

Length,  1 0.029 

Width,  1  (greatest) 0332 

Length,  2 023 

Width,  2  (greatest) 029 

Length,  3 0218 

Width,  3  (greatest) 025 

In  addition  to  the  teeth,  there  are  numerous  bones  of  the  extremities, 
tarsus,  &c.,  and  vertebrae. 

Equub,  Linn. 

Numerous  phalanges  of  two  species  of  slender  proportions  and  smaller 
size  than  the  recent  domesticated  horse.  Neither  the  species  nor  genus 
are  determinable  as  yet,  from  the  remains. 
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Bos,  Linn. 

Extremity  of  a  femur,  several  patellae  and  fragments  of  metatarsals  of 
a  large  species  of  ox  or  bison  are  preserved  ^ith  the  others.  The  species 
is  not  yet  determined. 

There  are,  perhaps,  two  other  species  of  ungulate  animals  not  as  yet 
determined. 

Ursus,  L. 
TJbsus  PKiSTiNXJS,  Leidy. 
ArctoduB  pristinus,  Leidy.    Proc.   Acad.   Nat.   Sci.,  Philada.,  1854,  90, 
Holmes'  Postpliocene  Fossils  S.  Carolina,  1860,  115,  PI.  xxiii,  f.  3-4. 

This  bear  has  been  known  hitherto  by  a  molar  of  the  lower  jaw  found 
by  Prof.  Holmes  near  Charleston,  S.  Ca.,  and  the  references  above  indi- 
cate descriptions  and  figures  of  this  tooth  alone.  Mr.  Wheatley's  collec- 
tion contains  the  first  and  second  molars  in  a  portion  of  the  right  ramus 
of  the  mandible,  and  the  canine  and  first,  second  and  third  molars  of  the 
left  ramus  separated  from  it.  There  are  also  vertebrsB  of  bears  from  the 
cervical  and  dorsal  regions,  which  are  appropriate  as  to  size,  and  were 
found  at  near  the  same  time  as  the  teeth. 

A  character  which  at  once  distinguishes  this  bear  from  all  those  now 
living  in  the  northern  hemisphere  (faunally  speaking),  and  those  known 
to  have  inhabited  it  during  the  postpliocene  period,  is  seen  in  the  first 
molar.  Instead  of  the  usual  two  series  of  tubercles,  it  has  on  its  ante- 
rior half  a  single  rather  obtuse  crest,  above  the  outer  side  of  the  crown. 
The  crest  commences  with  the  apex  of  an  elevated  conical  tubercle,  which 
marks  a  point  three-fifths  the  length  of  the  tooth  from  its  posterior  ex- 
tremity. Two  very  small  worn  tubercles  are  seen  behind  it  on  each  side, 
in  the  specimen,  while  the  greater  part  of  the  surface  of  the  crown  is 
nearly  plane,  and  covered  by  unbroken  enamel.  It  is  a  little  depressed, 
and  compressed  from  the  outer  side  at  the  posterior  third.  The  enamel  of 
the  inner  side  of  the  crown  is  smooth,  of  the  outer  side  obsoletely  ru- 
gose. The  second  inferior  molar  is  about  as  long  as  the  first,  but  wider, 
and  of  different  character.  The  triturating  surface  is  parallelogrammic 
rounded  at  the  ends,  and  narrowed  at  the  anterior  third,  and  con- 
tracted, as  compared  with  the  width  of  the  base  of  the  crown. 
The  enamel,  though  worn,  is  nowhere  worn  through,  and  its  sur- 
face is  remarkable  for  the  almost  absence  of  tubercles.  The  grind- 
ing surface  is  concave  transversely,  and  is  bounded  by  elevated  mar- 
gins. The  inner  and  outer  display  each  three  obtuse  elevations,  the 
latter  the  better  defined,  the  anterior  the  most  elevated  and  connected  by 
a  low  cross  ridge,  which  is  depressed  in  the  centre.  The  inner  sides  of 
the  crown  is  swollen  at  the  base,  and  more  oblique  than  the  outer  ;  both 
are  marked  with  obsolete  ridges,  which  descend  from  the  grinding  face, 
those  of  the  outer  most  distinct.  The  last  inferior  molar  is  two-thirds 
the  length  of  the  penultimate.  The  form  is  oval,  broad  anteriorly,  nar- 
row posteriorly.  The  crown  is  low  and  flat,  without  tubercles,  the 
margin  a  little  elevated,  and  interiorly  and  posteriorly  mammillated  ;  it 
has  a  single  compressed  root. 
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The  inferior  caiiine  is  i-epresented  by  a  crown.  It  is  remarkably  short, 
and  stout  at  the  base  ;  the  posterior  outline  very  concave.  The  usual 
obtuse  keel  is  seen  on  its  anterior  inner  aspect,  and  worn  surface  postero- 
exteriorly.  The  apex  of  the  crown  is  worn  by  use.  The  smaller  pre- 
molars have  not  been  recovered,  but  the  last  or  sectorial  has  left  its 
impression  in  front  of  the  first  molar  in  place  in  the.  matrix,  and  appears 
to  have  been  of  the  proportions  seen  in  the  grizzly  bear. 

M. 

Length  three  inferior  molars  and  fourth  premolar  together 0.096 

do        M.  I  crown 029 

Width        do        anteriorly 013 

Length  M.  II :. .     .031 

Width        do        anteriorly 0202 

Length  M.  Ill 0233 

Width  anteriorly 0188 

"      posteriorly 0135 

Length  crown  and  root 035 

In  size  this  species  probably  equalled  the  grizzly  bear,  as  the  teeth* are 
as  large  as  those  of  any  of  the  numerous  crania  in  the  Museum  of  the 
Academy  Natural  Sciences,  though  Prof.  Baird  gives  measurements  of 
some  in  the  Smithsonian  collections,  which  are  larger.  Should  the  teeth 
be  related  to  the  skeleton  as  in  our  black  bear  IT.  americanus,  a  still  larger 
size  is  indicated.  The  nearest  relationship  in  the  characters  of  dentition 
is  to  be  seen  in  the  U,  bonaerenais,  of  Qervais*  of  Buenos  Ayres.  It  has 
the  peculiar  form  of  the  first  molar  seen  in  U.  pristinus,  but  diflfers  spe- 
cifically in  that  of  the  second,  which  is  interrupted  in  one  of  its  outlines 
and  rather  more  tubercular. 

As  compared  with  Ursus  ampUdens,  Leidy,  the  following  relations  ap- 
pear. The  last  molar  has  a  smaller  crown  than  in  the  type  specimen  of 
the  latter.  In  U.  pristinus,  and  the  last  is  between  .50  .75,  the  length  of 
the  second  molar ;  in  U.  ampUdens,  exactly  as  in  U,  horribiliSf  five-sixths 
length  of  crown,  or  equal  the  extent  of  alveolse.  The  third  molar  is  less 
contracted  behind  in  the  type  specimen  of  U.  ampUdens.  The  latter 
species  appears  to  be  in  many  ways  nearly  allied  to  the  grizzly  bear. 

The  discovery  of  this  species  by  Mr.  Wheatley,  in  Pennsylvania,  is  par- 
ticularly interesting,  as  fixing  an  extended  range  for  it,  and  proving  that 
our  cave  bear  is  totally  distinct  from  that  of  Europe,  and  rather  of  the 
type  which  was  associated  with  the  gigantic  sloths  in  the  southern  re- 
gions of  South  America,  at  the  same  geologic  epoch. 

Felis,  Linn. 
Two  proximal  phalanges  of  a  species  of  this  or  an  allied  genus,  were 
found  by  Mr.  Wheatley.  They  pertained  to  an  animal  of  the  size  of  the 
jaguar,  (Felis  onca).  A  fragment  of  a  canine  tooth  indicates  a  cat  as 
large  as  the  tiger,  but  is  too  imperfect  to  allow  of  determination.  Some 
vertebrae  of  a  carnivorous  animal,  perhaps  of  a  dog,  were  also  found. 

•Palaeontology  of  Gostelnau's  Anlm.  novo,  on  Bar  Am.  Sud.,  PI.  fig. 
A.  P.   8. — VOL.   Xn— M 
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The  result  up  to  the  present  time  may  be  summed  up  as  follows: 

Edentata.  Species.  Individuals. 

Megalonyx 5  15 

Mylodon 1  ?2 

Rodentia. 

Arvicola 6  15 

Hesperomys 1  1 

Jaculus 1  1 

Sciurus 1  2 

Krithizon ,  1  1 

Lepus.... 1  7 

Praotlierium 1  1 

Undetermined 2  2 

Insectivora. 

Scalops 1  1 

Chiroptera ?  1  6 

TJngulata. 

Mastodon 1  2 

Tapirus 2  4 

Equus 2  3 

Bos 1  3 

Undetermined 2  3 

Camivora. 

Ursus 1  ?2 

Canis ?1  1 

Felis 2  2 

Mammalia  total 34  72 

Of  birds  there  are  fragments  of  two  species,  one  a  turkey,  with  the 
spur  preserved,  probably  the  M.  aXtus,  Marsh;  (Jf.  BuperbuB,\Qo^,  Trans. 
A.  Phil.  Soc,  1870,  pp.  239,  ii),  the  other  a  snipe.  The  reptiles  include 
one  or  two  species  of  tortoises,  and  three  or  four  serpents.  There  are  a  few 
bones  apparently  of  Batrachians.  The  whole  number  of  species  of  Ver- 
tebrata  is  about  forty,  represented  by  perhaps  ninety  individuals. 

Dr.  Geo.  H.  Horn,  to  whom  Mr.  Wheatley  submitted  the  insects,  re- 
ports, at  an  early  stage  of  the  investigation,  thirteen  species  of  Coloptera 
and  two  or  three  of  other  orders,  including  Orthoptera,  We  await  with 
much  interest  the  further  results  of  this  research,  as  the  determination 
of  Postpliocene  Coleoptera  has  not  been  practicable  heretofore.  The 
names  already  published  by  Dr.  Horn,*  are,  Carabidse — Gychrus  wheatley i 
CychruB  minor,  Cymindis  aurora,  Chlaenius  punetatisaimus,  PterosticJius 
laevigaius,  Pt,  longipennis,  Dieaelus  alutaceus ;  Scarabaeidae,  AphodiuB 
BcutellartB,  ApTio,  micanB,  PTianaeus  antiquuB  ;  OoprtB  punctulatuB  ;  His- 
teridae  ;  SaprinuB  f  ebeninuB. 

t  As  it  Is  now  fifteen  months  since  Prof.  l^Iarsh  announced  his  species,  and  no  description  has 
yet  appeared,  it  appears  to  me  that  Jf.  $uperbiu^  the  only  name  accompanying  a  description,  will 
have  to  be  adopted,  if  the  two  are  really  the  same. 

•Am.  Jour.  Set.  Arts,  1871. 385,  tn  a  notice  by  G.  M.  Wheatley. 
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Grnbral  Obbkbvations.  ^ 

Several  authors  have  noticed  the  great  difference  in  character  between 
the  postpliocene  fauna  of  North  America,  and  those  which  preceded  it, 
in  Tertiary  time.  It  is  well  known,  that  while  the  Miocene  Mammalia  are 
more  or  less  similar  to  those  of  Miocene  Europe  and  Asia,  and  the  Plio- 
cene vertebrata  have  a  corresponding  resemblance  to  those  of  the  same 
period  of  Europe  and  Asia,  and  the  present  one  of  Africa,  the  postplio- 
cene resembles,  in  many  particulars,  that  of  South  America  or  the  Neo- 
tropical region. 

In  examining  the  list  of  postplioc;;ne  mammalia,  known  up  to  1867,* 
I  found,  that  of  80  species,  eleven  were  represented  by  members  of  the 
same  genus  or  family,  in  the  Neotropical  region.  In  an  enumeration  of 
the  species  from  the  caves  in  1869,t  which  included  27  species  of  23  gene- 
ra, six  genera  were  shown  to  be  of  neotropical  type.  In  an  unpublished 
list  of  vertebrata,  which  the  writer  exhumed  in  a  bone  breccia,  from  a  cave 
in  East  Tennessee,  there  are  twenty  species  included.  Prominent  among 
these,  are  Megalonyx,- Dicotyles,  Tapirus,  Cervus,  ajid  Sciurua,  the  ^rst 
three  neotropical.  The  species  from  the  Port  Kennedy  bone  cave  may 
be  arranged  as  follows: 

Species. 

Neotropical  foi*ms 11 

Peculiar  Nearctic  (North  America) 3 

€h)nera  common  to  north  of  both  Hemispheres ^ 11 

Uncertain 9 

Total 34 

The  theory  of  evolution  requires  that  change  of  fauna  in  any  veiV 
brief  period  of  geologic  time,  should  be  accomplished  by  migration.  Ac- 
cordingly, authors  have  suspected  that  Asia  and  North  America,  and 
perhaps  Europe,  were  connected  by  land  during  the  mioceue  period. 
Thus  Leidy,  (Mammalia  of  Dakota  and  Nebraska,  1869,  p.  360),  suspects 
that  North  America  was  peopled  from  the  west,  from  a  continent  now 
submerged  beneath  the  Pacific  Ocean.  Prof.  Huxley  (Anniv.  Address, 
Lond.  Geolog.  Society,  1870),  makes  a  similar  proposition,  but  adds  that 
there  is  no  evidence  as  to  whether  the  connection  was  with  Europe  or 
Asia.  In  describing  fossil  Gohitidm,  a  family  of  fresh  water  fishes,  from 
Idaho,  in  1871,  (Proceed.  Am.  Philo.  Soc,  p.  55,)  I  have  adduced  evidence 
that  the  connection  was  with  Asia.  These  GohitidcR,  as  is  well  known, 
have  no  existing  representatives  in  America,  and  are  one  of  the  Asiatic 
types,  characteristic  of  our  Pliocene  period.  As  fresh  water  fishes,  their 
migration  is  restricted  to  fresh  water  communication.  Now,  as  the  Rocky 
Mountain  ranges  were  in  large  part  elevated  prior  to  Pliocene  time,  and 
the  water  courses  had  their  present  directions,  it  is  obvious  that  the  mi- 
gration of  fresh  water  fishes  occupying  waters  on  the  west  side  of  those 
ranges,  must  have  been  to  or  from  the  west,  and  not  the  east.    That  these 

•Proc  Aoul.  Nat.  Scl.  Phila.  1867, 1S6.    t  Proceed.  Am.  Phil.  Soc.  1869, 178. 
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fishes,  then,  passed  through  fresh  water  connections,  existing  on  a  conti- 
nent now  submerged  beneath  the  Pacific  Ocean,  seems  probable. 

The  destruction  of  the  Pliocene  fauna  is  generally  admitted  to  have 
been  brought  about  by  the  rigors  of  the  glacial  climate,  and  the  extension 
southward  of  the  ice  sheet  and  snow  falls.  Near  the  same  time,  con- 
nection with  Asia  must  have  been  severed  by  the  descent  of  the  North 
Pacific  Continent.  Some  Pliocene  types,  not  now  existent  in  North 
America,  may  have  been  driven  into  the  Neotropical  region,  and  may  be 
still  represented  in  their  descendants,  the  Lamas,  the  only  existing  Co- 
melidm  of  the  new  world,  with  the  horses  and  perhaps  others  of  the  higher 
mammalia  of  that  region.  The  existence  of  the  extinct  Mastodon,  ■  Mach- 
aerodus,  etc.,  in  the  postpliocene  of  the  same  region,  mentioned  by  Hux- 
ley, as  a  puzzling  fact,  (Address  1.  c.)  may  be  accounted  for  in  the  same 
way. 

Of  course,  on  the  northward  retreat  of  the  ice  sheet,  the  mammalia 
fauna  would  have  to  be  derived  from  the  south,  for  communication  direct 
with  Asia  no  longer  existed.  If  Behrings  straits  were  not  yet  opened, 
the  masses  of  glacial  ice  covering  those  regions  would  effectually  prevent 
immigration  by  that  supposed  connection.  The  resulting  Postplioceue 
fauna  would  naturally  partake  of  the  mixed  character  which  our  brief  in- 
vestigations into  it  have  revealed.  The  neotropical  forms  would  occupy 
regions  left  vacant,  or  peopled  by  a  sparse  remnant  of  boreal  genei-a  and 
species.  This  view  I  proposed  some  time  ago,*  and  Dr.  Leidy  has  added 
his- valuable  opinion  to  the  same  effect,  f 

Has  any  great  disturbance  of  level  intervened  between  the  occupation 
of  the  post-pliocene  fauna  and  the  present  period  ?  Prof.  Dana  (Manual 
of  Geology,  1862,)  summarizes  the  results  attained  up  to  his  writing  (p. 
553),  by  showing  that  the  period  succeeding  the  glacial  drift  was  one  of 
submergence,  especially  in  arctic  latitudes.  He  states  the  depression  near 
Montreal  to  have  been  450  or  more  feet,  and  1000  feet  in  Arctic  regions. 
Of  the  Middle  States  he  says  nothing,  and  of  the  south,  that  the  evidence 
is  not  satisfactory.  This  descent  of  level  he  regards  as  that  which  caused 
the  melting  of  the  glacial  ice,  stratification  of  the  drift,  deposition  of 
gravels,  and  elevation  of  temperature.  All  these  changes  would  natu- 
rally precede  the  introduction  of  a  postglacial  fauna  from  a  warmer 
region,  so  that  for  this  and  other  reasous,  the  Ghamplain  epoch  may  be 
regarded  as  that  opening  the  post-pliocene,  and  its  fauna  to  be  repre- 
sented by  the  Walrus,  which  extended  its  range  to  Virginia,  the  Reindeer 
to  New  Jersey,  and  the  Beluga  of  the  Ghamplain  clays. 

The  origin  of  the  caves  which  so  abound  in  the  limestones  of  the  Alle- 
gheny and  Mississippi  valley  regions,  is  a  subject  of  much  interest.  Their 
galleries  measure  many  thousands  of  miles,  and  their  number  is  legion.  The 
writer  has  examined  twenty-Qve,  in  more  or  less  detail,  in  Virginia  and 
Tennessee,  and  can  add  his  testimony  to  the  belief  that  they  have  been 
formed  by  currents  of  running  water.     They  generally  extend  in  a  direc- 

•Froceed.  Acad.  Nat.  Sci.  1867.  M^.      tBfammalla  Dakota  and  Nebraska*  3».  1869. 
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tion  parallel  to  the  strike  of  the  strata,  and  have  their  greatest  diameter 
in  the  direction  of  the  dip.  Their  depth  is  determined  in  some  measure 
by  the  softness  of  the  stratum,  whose  removal  has  given  them  existence, 
but  in  thinly  stratified  or  soft  material,  the  roofs  or  large  masses  of  rock 
fall  in,  which  interrupt  the  passage  below.  Caves,  however,  exist  when 
the  strata  are  horizontal.  Their  course  is  changed  by  joints  or  faults, 
into  which  the  excavating  waters  have  found  their  way. 

That  these  caves  were  formed  prior  to  the  postpliocene  fauna  is  evident 
from  the  fact  that  they  contain  its  remains.  That  they  were  not  in  ex- 
istence prior  to  the  drift  is  probable,  from  the  fact  that  they  contain  no 
remains  of  life  of  any  earlier  period  so  far  as  known,  though  in  only  two 
cases,  in  Virginia  and  Pennsylvania,  have  they  been  examined  to  the 
bottom.  Ko  agency  is  at  hand  to  account  for  their  excavation,  compara> 
ble  in  potency  and  efficiency  to  the  floods  supposed  to  have  marked  the 
close  of  the  glacial  period,  and  which  Prof.  Dana  ascribes  to  the  Cham- 
plain  epoch.  An  extraordinary  number  of  rapidly  flowing  watera  must 
have  operated  over  a  great  part  of  the  Southern  iStates,  some  of  them  at 
an  elevation  of  1500  feet  and  over,  (perhaps  2000)  above  the  present  level 
of  the  sea.  A  cave  in  the  Gap  Mountain,  on  the  Kanawha  river,  which 
I  explored  for  three  miles,  has  at  least  that  elevation. 

That  a  territory  experiencing  such  conditions  was  suitable  for  the 
occupation  of  such  a  fauna,  as  the  deposits  contained  in  these  caves  re- 
veal, is  not  probable.  The  material  in  which  the  bones  occur  in  the  south 
is  an  impure  limestone,  being  mixed  with  and  colored  by  the  red  soil 
which  covers  the  surface  of  the  ground.  It  is  rather  soft,  but  hardens 
on  exposure  to  the  air. 

The  question  then  remains  so  far  unanswered  as  to  whether  a  submerg- 
ence occurred  subsequent  to  the  development  of  the  postpliocene  mam- 
malian fauna.  That  some  important  change  took  place  is  rendered  prob- 
able by  the  fact,  that  nearly  all  tho  neotropical  types  of  the  animals  have 
been  banished  from  our  territory,  and  the  greater  part  of  the  species  of  all 
types  have  become  extinct.  Two  facts  have  come  under  my  observation 
which  indicate  a  subsequent  submergence.  A  series  of  caves  or  portions 
of  a  single  cave  once  existing  on  the  S.  E.  side  of  a  range  of  low  hills 
among  the  Allegheny  mountains  in  Wythe  Co.,  Virginia,  was  found  to 
have  been  removed  by  denudation,  fragments  of  the  bottom  deposit  only 
remaining  in  fissures  and  concavities,  separated  by  various  intervals  from 
each  other.  These  fragments  yielded  the  remains  of  twenty  species  of 
postpliocene  mammalia.*  This  denudation  can  be  ascribed  to  local 
causes,  following  a  subsidence  of  uncertain  extent.  In  a  cave 
examined  in  Tennessee  the  ossiferous  deposit  was  in  part  attached  to 
the  roof  of  the  chamber.  Identical  fossils  were  taken  from  the  floor. 
This  might,  however,  be  accounted  for  on  local  grounds.  The  islands  of 
the  eastern  part  of  the  West  Indies  appear  to  have  been  separated  by 
submergence  of  larger  areas,  at  the  close  of  the  period  during  which  they 
were  inhabited  by  postpliocene  mammalia  and  shells.  The  caves  of 
•  See  Proceed.  Amer.  Phil.  Soc.  1869, 171 
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Angiiilla  iDclude  remains  of  twelve  vertebrates,*  of  which  seven  are 
mammalia  of  extinct  species,  and  several  of  them  are  of  large  size.  These 
are  associated  with  the  recent  species  of  molluscs  Turbo  pica  and  a 
Tudor  a  near  pupaiformis.\  As  these  large  animals  no  doubt  required  a 
more  extended  territory  for  their  support  than  that  represented  by  the  small 
island  Anguilla,  there  is  every  probability  that  the  separation  of  these 
islands  took  place  at  a  late  period  of  time  and  probably  subsequent  to  the 
spread  of  the  postpliocene  fauna  over  North  America. 

EXPLANATION  OF  THE  CUTS. 

Figs.  1-12.  Sections  of  teeth  of  Megalonyx  of  the  natural  size. 

Fig.  1-2.  Sections  of  canine-molars  of  M,  loxodon,  Cope  ;  2a,  profile  of 
2  from  within. 

Figs.  3-6.  Sections  of  canine-molars  of  Megalonyx  wheatleyi^  Cope ;  5a 
side  view  of  5  from  the  inner  side. 

Figs.  7-8.  Sections  of  canine-molars  of  ?  Megalonyx  dissimiltSj  Leidy, 
or  of  M.  wheatleyi.  Cope. 

Fig.  9.  Sections  of  crowns  of  the  superior  molars  of  the  right  side  of 
Megalonyx  wTieatleyi;  from  separated  teeth,  the  anterior  probably  of  this 
species. 

Fig.  10.  Sections  of  crowns  of  the  inferior  molars  of  the  right  side  of 
M.  wTieatleyi,  from  specimens  in  place  in  jaw. 

Fig.  11.  Crown  of  tooth  of  Megalonyx  sphenodon^  Cope ;  11a,  same 
from  the  inside. 

Fig.  12.  View  of  canine-molar  of  Megalonyx  tortulus  seen  from  the 
crown  ;  12a,  inner  view  of  same  tooth. 

Fig.  13.  Grinding  surfaces  of  left  inferior  molars  of  Arvicola  speoihen. 
Cope,  enlarged. 

Fig  14.  Grinding  surfaces  of  second  and  third  superior  molars  of 
Arvicola  tetradelta.  Cope. 

Fig.  15.  Same  of  Arvicola  didelta,  Cope,  enlarged ;  a,  b,  c,  of  the  first 
inferior  molar  ;  d,  of  the  superior  molars. 

Fig.  16.  First  inferior  molar  grinding  surface  of  Arvicola  involuta,  Cope, 
enlarged. 

Fig.  17.  Same  of  Arvicola  sigmodus.  Cope,  enlarged ;  a,  b,  c,  of  first 
inferior  molar ;  d,  of  superior  molars. 

Fig.  18.  Same  of  Arvicola  hiatidens.  Cope,  enlarged  ;  a  superior  molar 
1  or  2,  incomplete  5  b,  3d  superior  molar;  c,  1st  inferior.  The  entering 
folds  should  not  be  in  contact  in  figs,  a  and  Z>,  in  cuts. 

Fig.  19.  Grinding  surface  of  last  superior  molar  of  Erithizon  eloaeinum, 
Cope,  natural  size. 

Fig.  20.  Superior  molar  teeth  (incomplete)  of  Praotherium  pdlatinum. 
Cope,  natural  size. 

•  Loc.  clt.  1869. 183;  1870,  fi08.  A  fourth  species  of  gigantic  Chinchlllid  has  been  found  by  Dr. 
Bljgersnia,  which  may  be  called  Loxomylut  quadraim.  Cope.  It  Is  representeil  by  portions  of  Jaws 
and  teeth  of  three  Individuals.  It  Is  one  of  the  largest  species,  equalling  the  L.  latulen$,  and  has 
several  marked  characters.  Thus  the  roots  ot  the  molars  are  very  short,  and  the  triturating 
surface  oblique  to  the  shaft.  The  roots  of  the  second  and  fourth  are  longer  than  those  of  the  first 
and  third.  The  last  molar  has  four  dental  columns  instead  of  three  as  in  the  other  Loxomyli,  and  is 
triangular  or  quadrant-shaped  In  section;  the  third  is  quadrangular  in  section,  and  has  three  columns. 
The  second  is  the  smallest,  being  only  .6  the  length  of  the  subtri angular,  first.  Length  of  dental 
series  m.  063  or  2.5  Inches.  Palate  narrow  and  deeply  concave.  There  is  but  little  or  no  lateral 
constrictiun  in  the  outlines  of  the  teeth;  the  shanks  are  entirely  straight.  In  Its  additional 
dentinal  column,  this  species  approaches  the  genus  Amblyrhiza. 

The  large  Chinchillas  of  Anguilla  are  as  follows,  Loxomylua  longideng^  L.  leUident^  L,  quadrant  and 
Amblyrhiza  inutulata. 

t  See  Bland,  Proceed.  Amer.  Phil.  Soc,  1871,  58. 
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ON  MEGAPTERA  BELLICOSA. 
By  E.  D.  Cope,  A  M. 

{Read  October  21,  1870,  before  the  American  Philosophical  Society,) 

For  many  years  American  Whalers  have  been  in  the  habit  of  taking 

hump-back  whales  off  the  coast  of  San  Domingo,  and  in  other  parts  of 

the  Caribbean  Sea.     Desiring  to  detennine  the  species  which  is  the 

object  of  their  pursuit,  and  which,  no  doubt,  haunts  the  Floridan  and 


Fig.  26. 

other  southern  coasts  of /the  United  States,  I  wrote  to  my  friend,  Dr.  A. 
Goes,  colonial  physician  at  St.  Bartholomew's,  W.  I.,  in  reference  to  the 
possibility  of  procuring  a  skeleton  of  it.  His  eflforts,  undertaken  in  pur- 
suance of  this  object,  resulted  in  the  preservation  of  the  skeleton  of  an 
individual  of  thirty-two  feet  in  length,  which  he  forwarded  to  Philadel- 
phia, and  which  has  furnished  the  following  characteristics. 
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The  skeleton  lacks  a  few  pieces,  viz. :  the  stcruum,  pelvic  bones,  and 
perhaps  four  caudal  vertebrsB.  Of  the  latter,  one  is  a  large  anterior 
vertebra,  two  are  median,  and  one  between  the  latter  and  the  distal. 
The  whole  number  thus  restored  will  be,  Cerv.  7,  D.  14,  L.  10,  Caud.  20  ; 
total  51.     The  lengths  of  the  cranium  and  these  elements  are  : 

Ft.    In. 

Cranium 9 

Caudal  vertebrse 8    10 

Kemainder  of  vertebrae 13      6 

Total 81      4 

The  cranium  is  not  very  dififerent  in  some  respects  from  that  of  the 
M,  longimana  of  the  North.  The  supraoccipital  bone  has  a  deep  but 
open  median  groove  from  the  foramen  magnum  to  near  the  hori- 
zontal superior  surface,  where  it  is  wanting.  On  each  side  of  it  there 
is  a  considerable  protuberance  near  the  middle  of  the  height  of  that  bone. 


Fig.  33. 


Fig.  24. 
The  orbital  plates  of  the  frontal  are  plane,  with  straight  anterior  and 
posterior  margins.  The  posterior  extremities  of  the  premaxillaries  are 
laminar;  their  middle  portions  are  separated  by  a  considerable  vacuity. 
The  maxillaries  are  not  slender,  and  are  plane ;  they  present  several 
large  foramina  near  their  middle.  The  nasal  bones  present  marked 
characters.  Their  median  face  of  common  contact  extends  throughout 
much  of  their  length,  and  the  posterior  divergent  portion  is  very  short 
(see  fig.  22),  and  seiTate  for  suture.  A  beveled  portion  of  the  external 
face  (fig.  22a)  is  concealed  by  the  maxillaries ;  the  remaining  i>ortion  is 
narrow.  The  median  projection  of  the  bones  is  less  than  the  lateral,  and 
is  carried  on  a  keel  above  the  level  of  the  lateral  portion  of  the  bone,  as 
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in  Sibbaldius  tectirostris,  Cope.  The  whole  form  is  very  diflferent  from, 
that  of  the  3f.  lonyimana.  The  depth  and  lenpcth  of  the  bone  on  the 
interior  (median)  face,  are  about  equal.  The  otic  bulla  is  subcylindric, 
a  little  flattened  on  the  inner  side  ;  its  surface  is  quite  smooth. 

The  ramus  of  the  mandible  is  slender,  and  when  viewed  from  above, 
considerably  curved.  It  has  an  elevated  subtriangular  and  acuminate 
ooronoid  process,  quite  as  in  a  Balsenoptera.  (Fig.  24  from  above.)  Prox- 
imallythe  ramus  has  a  slight  sigmoid  curve  viewed  from  the  side  (tig.  23), 
and  in  the  general  is  more  slender  than  that  of  M*  longimana,  in  profile. 
The  angular  process  is  prominent ;  the  shaft  is  plane  on  the  inner  side,  on 
the  external  very  convex ;  it  is  nowhere  compressed,  and  the  external 
pores  are  widely  separated. 


Fig.  25. 
The  atlas  has  no  neural  spine  ^nd  no  tuber culum  atlantis.  The  dia- 
pophyses  are  compressed,  irregularly  truncate,  their  inferior  margin  con- 
siderably above  the  fundus  of  the  foramen  dentati.  The  axis  presents  a 
rudimental  odontoid  process.  Its  diapophysis  and  parapophysis  are  not 
very  stout,  and  the  former  is  the  longer.  The  parapophyses  diminish 
rapidly  till  the  fifth  vertebra  presents  only  a  rudiment  on  one  side.  The 
articular  faces  of  these  cervicals  are  a  transverse  ovate.  The  diapophyses 
are  slender  and  straight.  (See  figs.  26  atlas,  27  axis,  and  28,  third  cer- 
vical. ) 


Fig.  27  Fig.  28. 

Two  of  the  diaphophyses  of  the  caudal  vertebrae  are  hooked  in  form, 
owing  to  the  failure  to  isolate  anteriorly  the  foramen  whicli  pierces  thera. 
The  scapula  is  without  rudiment  of  coracoid  and  is  longer  than  deep  ;  its 
proportions  are  similar  to  those  of  M,  osphyia. 

The  fore  limbs  are  neither  of  them  quite  complete.  The  epiphysis  of 
the  humerus  is  still  free,  and  indicates  that  the  animal  was  young  when 
captui-ed.     The  bones  of  the  forearm  are  much  as  figured  by  Rudolphi 
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in  the  M,  longimana  ;  the  radius  stout,  expanded  at  the  ends,  the  ulna 
shorter,  more  slender,  curved  and  with  an  olecranon.  The  metacarpi,  or 
the  first  series,  are  quite  elongate,  except  that  of  the  upper  (inner)  digit, 
which  is  stouter.  If  there  were  six  digits  in  the  second  digit  (third),  the 
limb  measured  8  feet  4  inches,  but  if,  as  in  M,  longimana,  there  were 
eight,  it  equalled  the  cranium  in  length  (9  feet). 

Measurements,  ft.    in. 

Total  length  of  skull,  (axial) 9 

Length  of  maxillary  to  emargination  for  frontal  plate 5    5 

**      transverse,  (to  axis  of  skull)  of  orbital  frontal  plate 2    5 

*'      longitudinal  **  **  " 2    2 

Distal  width  over  orbit  **  **  " 11.5 

Length  nasal  bone 9 

Width        **        "     15 

Width  cranium  behind  orbits,  (greatest) 0    4 

**      muzzle  half  way  to  frontal  plates 2    3.5 

"      maxillary  I  way  "         **        10.5 

Length  mandibular  ramus  on  curve 9  10 

First  rib,  length  on  curve 37 

"     '*    distal  width 7 

Humerus  length 1    9 

Radius        "        2    6 

Scapula  height 25.5 

«      width 39.5 

**      glenoid  cavity  length 11.5 

*»  '         "  **     width 9 

The  simple  headed  first  rib  indic<ates  the  generic  relationships  to  be 
with  Megaptera,  as  does  the  entirely  simple  scapula. 

In  reply  to  my  enquiries.  Dr.  Goes  gives  the  following  account  of  the 
external  appearance  of  this  whale.  The  dorsal  outline  is  strongly  con- 
vex, and  it  is  questionable  whether  a  dorsal  fin  exists,  as  he  had  rot  seen 
it  on  two  specimens  from  the  decks  of  the  vessels  to  which  they  were  fast- 
ened. The  color  is  sooty  black  above,  the  breast,  belly,  and  under  sides 
of  pectoral  fins  milk  white,  marked  with  scattered  black  spots  or  dots. 

The  condition  of  the  specimen  allows  of  an  exact  comparison  with  the 
species  of  this  genus  already  known  from  the  Atlantic  Ocean.  The 
skeletons  of  the  two  Pacific  species,  are  unfortunately  unknown,  so  that 
comparison  with  them  cannot  be  made. 

From  M.  lalandii  of  the  Cape  seas,  it  may  be  at  once  distinguished  by 
its  lack  of  acromion  process  on  the  scapula.  Cuvier,  who  figures  the 
Cape  species,*  does  not  indicate  the  deep  occipital  groove,  but  rather  a 
keel  without  lateral  protuberances,  a  difference  too  marked  to  be  de- 
pendent on  age;  his  orbital  plates  of  the  frontal  are  considerably  narrow- 
er, and  his  fourth  cervical  bears  no  parapophyses.  He  does  not  figure  such 
a  prominent  coronoid  process.  The  coloration  of  this  species  is  much 
like  that  of  the  West  Indian  whales. 

•Osaemens  Fosslles,  227-1. 
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Many  marked  dififerences  separate  it  from  the  Kreporkak,  of  the  north- 
em  Atlantic  and  Arctic  Oceans.  The  elevated  coronoid  process  and  pecu- 
liar nasal  bones  distinguish  it  at  once.  Thus  in  B,  longimana  these  ele- 
ments are  shorter  and  wider,  considerably  separated  behind,  and  with  the 
median  process  which  overhangs  the  nares,  considerably  longer  than 
the  lateral.  The  reverse  is  the  case  here  (fig.  2).  The  head  bears  a 
greater  proportion  to  the  length  of  the  body  than  in  B.  longimana.  Thus 
Flower  notes  a  spicimen  in  mus.  Louvain  (Belgium),  of  32  feet  2  in.  in 
length,  of  which  the  head  measures  only  8  ft.  6  in.  In  the  present  of 
31.6  in.,  the  cranium  is  9  ft.  In  a  specimen  at  Brussels  of  46  ft.,  the  head 
is  12  ft.,  nearly  one  fourth.  In  a  young  specimen  of  28  ft.  7  in.,  at  Ley- 
den,  Flower  says  the  cranium  measures  oaly  7  ft.  7  in.  In  a  specimen 
from  the  Dee,  England,  the  proportions  are  similiar.  As  the  length  of 
the  flippers  is  similar  to  that  of  the  head,  the  difference  is  to  be  seen  in 
this  also.  Other  characters  which  distinguish  the  species  from  B. 
longimana,  are  the  less  concavity  of  the  orbital  plates  of  the  frontal  an- 
teriorly, and  the  reduction  of  the  lumbosacrals  to  10.  If  Rudolph's 
figures  be  correct,  the  first  rib  is  broader  in  the  present  animal,  but  the 
figure  may  be  inaccurate.  As  to  color,  the  pectoral  fin  is  entirely  white 
in  the  Arctic  Megaptera;  black  externally  in  this  one. 

The  same  differences  are  to  be  observed  in  comparing  with  the  M. 
osphyia,  in  which  the  head  and  fin  are  even  shorter  than  in^.  longimana, 
(the  proportion  being  9.40*j  and  the  coronoid  process  equally  rudiment- 
ary. Special  features  of  the  latter  are  seen  in  the  flat,  deep  diapophyses 
of  atlas,  which  are  much  deeper  than  in  the  present  whale  ;  and  the  artic- 
ular area  on  the  hinder  angle  of  the  first  and  other  ribs,  which  is  wanting 
here.  The  width  of  the  orbital  plates  distally  is,  .5  their  length  in  the 
type  of  M.  osphyia,  .83  the  length  in  the  present  specimen. 

The  species  described  by  Gray  (Catal.  B.  Mus.,  1866,  162,)  as  PJiysalus 
hraiilienm,  founded  on  some  baleen  of  the  "Bahia  finner,"  has  been 
supposed  by  me  (Proc.  A.  M.  Scie.  Pliila.,  1867,  p.  32,)  to  be  a  Megaptera. 
Certain  it  is  that  a  Megaptera  is  found  at  Bahia,  as  I  have  seen  larger 
and  smaller  portions  of  two  skeletons  of  one,  but  whether  it  be  the 
"Bahia  Finner"  and  P.  brasiliensiSy  Gray,  is  quite  doubtful.  In  the 
first  place,  fishermen  and  whalers  never  call  a  "hump-back"  (Megaptera)  • 
a  "finner  ;"  if  they  have  done  so  in  the  case  of  this  species,  it  evidently 
has  a  noticeable  dorsal  fin,  which  is  wanting  in  the  present  whale.  In 
the  next  place,  baleen  of  the  "  Bahia  fiuner"  has  a  commercial  value, 
being  exported  to  England,  while  that  of  Megaptera  has  none,  being 
coarse  and  twisted.  That  of  the  specimen  here  described  was  thrown 
away  by  it  captors. 

I  therefore  believe  that  the  present  wliale  has  not  been  noticed  by  nat- 
uralists, and  is  unknown  to  Zoology.     I  propose  to  call  it  Megaptera 

BELLICOSA. 

Dr.  Goes  says  of  its  habits,  that  it  appears  about  the  island  of  St.  Bar- 
tholomew in  the  beginning  of  March,  or  even  in  February,  and  remains 
♦See  Proc,  Ac.  Nat.  Sol.,  1868-194. 
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until  the  end  of  May.  In  April  and  May  it  is  said  that  they  are  seen  in 
pairs,  standing  vertically  in  the  water.  When  they  return,  they  often 
come  in  a  family  of  three,  male,  female  and  young,  the  calf  of  one  or  two 
years  old.  The  bull  is  wild,  and  more  difficult  to  take  than  the  female, 
and  he  has,  on  two  occasions,  smashed  the  boat  of  his  pursuers  to  pieces. 
In  June  they  are  said  to  go  farther  in  the  Mexican  Gulf,  and  return  east- 
ward in  the  autumn,  but  they  do  not  appear  among  the  smaller  Antilles 
at  that  time.*  Dr.  Goes  supposes  that  they  pass  the  straits  of  Florida,  or 
follow  the  shores  of  the  South  Main.  He  says  that  the  whalers  think  they 
pass  the  middle  of  winter  on  the  African  coast,  but  this  will  require 
confirmation. 

Additional  note  on  Balaenoptera  vel  Sibbalditjs  sulfureus,  Cope, 

This  species  was  first  brought  to  the  notice  of  zoologists  by  Captain  C. 
M,  Scammon,  in  an  extended  paper  on  the  Cetacea  of  the  Pacific  Coast 
of  North  America.*  From  the  data  furnished  by  him,  the  writer  was 
enabled  to  determine  it  as  distinct  from  any  of  the  species  hitherto  known, 
under  the  above  name,  with  the  following  characters  if 

Dorsal  fin  small,  conic,  situated  on  the  posterior  fourth  of  the  back. 
Form  slender  ;  length  seventy  to  ninety  feet.  Color,  above,  grey  or 
brown  ;  below,  sulphur  yellow. 

Capt,  Scammon  having  sent  to  the  museum  of  the  Smithsonian  Insti- 
tution four  laraiuse  of  whalebone,  I  am  enabled  to  add  important  points 
to  the  above  diagnosis,  as  follows  : 

Baleen  black  everywhere.  Bristles  intermediate  in  size,  between  those 
of  Sibbaldius  tectirostris.  Cope,  (finer)  and  Megaptera  osphyia  (coarser), 
in  six  or  eight  rows,  and  seven  or  eight  inches  in  length.  Length  of 
plate,  without  bristles,  two  ft.  eight  inches  ;  width  of  base  eighteen 
inches.     LaminaB  with  weak  transverse  rugosities. 

The  above  characters  show  conclusively  that  this  whale  is  different 
from  the  B.  antarctica,  Gray,  which  is  also  called  sulphur-bottom  by  the 
whalers  in  the  South  Pacific.  The  whalebone  of  the  latter  is  yellowish 
white. 

EXPLANATION  OF  CUTS. 

Fig.  21 — Cranium  of  Megaptera  hellicosa  from  above. 
Fig.  22 — Nasal  bones  from  above. 

Fig.  23 — Posterior  portion  of  ramus  mandibuli,  from  outside. 
Fig.  24 — Same  as  23  from  above. 
Fig.  25 — Basihyal  bone  from  above. 
Fig.  26— Atlas  from  front. 

Figs.  27  and  27 — Portions  of  articular  faces  and  processes  of  atlas  and 
third  cervical  vertebrae. 

•Procecil.  Acad.  Nat.  Scl.,  Thila..  1S69,  p.  51. 
t  Loc.  clt.,  p.  20. 
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Stated  Meeting^  April  7thy  1871. 

Mr.  Fraley,  Vice-President,  in  the  Chair. 

Present,  twelve  members. 


Donations  to  the  Library  were  received  from  the  Academies 
at  Berlin  and  Leyden,  the  Royal  Society  at  London,  and  the 
Editors  of  Nature,  the  Old  and  New,  and  Penn  Monthly,  the 
New  Bedford  Public  Library,  Medical  Journal,  Franklin  In- 
stitute, College  of  Pharmacy,  Academy  of  Natural  Science  at 
Philadelphia,  the  Engineer  Bureau* at  Washington,  Essex  In- 
stitute, Wisconsin  Historical  Society,  and  from  Prof.  Mayer, 
of  Bethlehem. 

Prof.  Cresson  laid  before  the  Society  a  map  of  Fairmount 
Park,  reduced  by  photolithography  to  a  very  small  size,  yet  ex- 
hibiting every  line  clearly. 

Prof.  Cope  described  additional  new  genera  and  species 
from  the  Port  Kennedy  Cavern,  nearly  one  half  of  which  were 
of  South  American  types. 

Mr.  Chase  read  a  communication  on  "  The  Resemblance  of 
Atmospheric,  Magnetic  and  Oceanic  Currents." 

Lieut.  Button  explained  his  views  of  the  origin  of  Regional 
Subsidence  and  Elevation. 

The  curators  were  requested  to  provide  for  the  proper 
preservation  of  the  Photographs  of  Lines  of  Magnetic  Force, 
presented  to  the  Society  by  Prof.  Mayer. 

Pending  nominations  were  read  and  the  meeting  was  ad- 
journed. 
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Stated  Meeting^  April  2\st^  1871. 

Prof.  Cresson,  Vice-President,  in  the  Chair. 

Present,  eleven  members. 

A  Photograph  for  the  Album  was  received  from  Prof.  Alex- 
ander Braun,  of  Berlin. 

Letters  acknowledging  the  receipt  of  the  Society's  recent  pub- 
lications were  received  from  the  Institute  at  Halifax,  (entire 
series  of  Proceedings  No.  1-84),  New  York  Lyceum  (85) ; 
Eoyal  Society  of  Edinburgh,  78,  79-81,  and  Trans.  (XIII.  3); 
and  the  Eoyal  Saxon  Society  (XIII.  8). 

Letters  of  Envoy  were  received  from  the  Society  at  Gor- 
litz,  and  the  Editors  of  Old  and  New. 

Donations  for  the  library  were  received  from  Dr.  Braun, 
of  Berlin,  the  Upper  Lausatian  Society,  the  Anthropological 
Society  and  Geological  Institute  at  Vienna,  the  Italian  Geo- 
logical Committee,  M.  Seguiu  aind  of  Paris,  the  Linnean, 
Chemical,  Asiatic  and  Antiquarian  Societies  in  London,  the 
Editors  of  Nature,  the  Eoyal  Society  at  Edinburgh,  the  Phil- 
osophical Society  at  Glasgow,  the  Institute  of  Sciences  at  Hali- 
fax, the  Peabody  Academy  at  Salem,  Silliman's  Journal,  Prof. 
Hall  of  Albany,  the  Young  Men's  Association  at  Buffalo,  Mr. 
H.  C.  Bolton  of  New  York,  the  New  Jersey  State  Geologist, 
the  New  Jersey  Historical  Society,  the  Franklin  Institute, 
and  the  chief  of  the  U.  S.  corps  of  Topographical  Engineers. 

The  death  of  Wm.  Haidinger  of  Vienna,  on  the  19th  ultimo, 
was  announced  with  appropriate  remarks  by  Dr.  Genth. 

The  death  of  Edward  Lart^t,  in  the  department  of  Gers, 
during  the  late  German  investment  of  Paris,  was  announced 
by  the  Secretary.  Mr.  Cope  added  his  personal  testimony  to 
the  value  of  the  Palaeontological  labors  of  the  deceased. 

Prof.  Cope  offered  for  publication  in  the  Proceedings,  a  Pre- 
liminary Eeport  on  the  Vertebrata  discovered  in  the  Port  Ken- 
nedy Cave. 
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Dr.  Genth  described  some  striking  results  of  recent  analysis 
of  Pseudomorph  Corundums,  and  promised  a  fuller  account 
of  them  when  his  investigations  were  further  advanced. 

Prof.  Cresson  desired  a  memorandum  to  be  made  of  the 
appearance  of  the  tender  shoots  of  the  swamp  cabbage,  blue 
bell  and  other  wild  flowers,  under  remarkable  circumstances 
of  diflSculty,  in  a  part  of  Belmont  Glen,  in  the  Philadelphia 
Park,  where  an  artificial  asphalt  road  had  been  laid  directly 
upon  the  sod.  The  road  was  two  inches  thick,  perfectly  solid, 
and  in  use  by  vehicles.  Yet  this  rigid  and  heavy  covering 
has  been  lifted  and  broken  in  many  places  by  the  young  plants, 
which  present  themselves  in  a  living,  altKough  damaged  con- 
dition to  the  air  and  light. 

The  Secretary  described  a  new  discovery  which  he  had  just 
made  in  East  Tennessee,  of  a  sharp  anticlinal  axis,  crossing 
the  coal  measures  of  the  Cumberland  mountains,  at  right  an- 
gles to  the  dominant  system  of  disturbances,  and  showed  its 
important  bearings  on  the  question  of  the  conversion  of  the 
northern  anticlinals  into  the  southern  downthrows,  as  well  as 
its  relationship  to  the  latter;  and  to  the  cross  undulations 
worked  out  by  Mr.  Joseph  Lesley,  in  his  instrumental  survey 
of  the  East  Kentucky  coal  measures,  twelve  or  thirteen  years 
ago;  and  also  to  the  N.  W.,  S.  E.  system  of  faults  described  by 
Owen,  Hall  and  other  Geologists,  in  the  valley  of  the  Missis- 
sippi. 

Mr.  Briggs  described  certain  movements  observed  under  the 
microscope  in  matter  mechanically  suspended  in  a  fluid  and 
vulgarly  supposed  to  indicate  vital  force,  a  view  from  which  he 
dissented,  referring  to  Baron  Rumford's  recorded  observations 
of  the  same  phenomenon.  Mr.  Briggs  took  occasion  to  ex- 
hibit for  the  inspection  of  the  members,  the  Watt  medal 
which  he  had  received  from  the  Society  of  Civil  Engineers  in 
London. 

Pending  Nominations  Nos.  669  to  674  were  read,  and 
balloted  for,  after  which  the  presiding  Officer  pronounced  the 
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following  named  gentlemen  duly  elected  members  of  the 
Society : 

Gen.  Herman  Haupt,  of  Pliiladelphia. 

Prof.  E.  B.  Andrews,  of  Marietta,  Ohio. 

Eev.  F.  A.  P.  Barnard,  D.  D.,  LL.  D.,  President  of  Columbia 
College,  N.Y. 

Eev.  T.  D.  Woolsey,  D.  D.,  President  of  Yale  College,  New 
Haven,  Connecticut. 

Eev.  James  McCosh,  D.  D.,  President  of  Princeton  College, 
New  Jersey. 

Prof.  Charles  W.  Eliot,  President  of  Harvard  College, 
Cambridge,  Massachusetts. 

And  the  Society  was  adjourned. 


Stated  Meeting^  May  5, 1871. 

Prof.  Cresson,  Vice-President,  in  the  Chair. 
Present,  fourteen  members. 

A  letter  accepting  membership  was  received  from  Charles 
W.  Eliot,  dated  Cambridge,  May  1,  1871. 

A  letter  acknowledging  receipt  of  Trans.  A.  P.  S.  XIV.  I. 
was  received  from  the  Secretary  of  the  Smithsonian  Institution. 

Donations  for  the  Library  were  received  from  the  E.  Prus- 
sian Academy,  E.  Astronomical  Society,  Sir  Charles  Lyell, 
Editors  of  Nature,  Old  and  New,  Penn  Monthly  and  Canadian 
Naturalist,  the  Peabody  Academy  at  Salem,  Boston  Natural 
History  Society,  Massachussetts  Historical  Society,  New 
York  Lyceum,  College  of  Pharmacy,  Baltimore  Public 
School  Commissioners,  Hon.  Charles  Sumner,  Dr.  Hayden,  P. 
B.  Dyke,  and  a  Map  of  St.  Domingo  from  Dr.  Genth. 
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The  Secretary  read  the  description  of  a  new  and  improved 
field  transit  instrument,  manufactured  by  Messrs.  Heller  and 
Brightley  of  Philadelphia ;  and  exhibited  the  parts  of  the 
instrument  which  show  improvements. 

The  Secretary  read  from  Mr.  Jno.  Fulton's  report  of  the 
Mammoth  Fossil  Ore  bed  discovered  in  1867,  in  Woodcock 
Valley,  Blair  Co.,  Pa.,  in  evidence  of  what  important  dis- 
coveries may  still  be  made  in  districts  of  the  State  supposed 
to  be  well  known. 

The  Secretary  offered  for  publication  in  the  Proceedings,  a 
Grammar  and  Vocabulary  of  the  Mexican  lanoruage,  by  Mr. 
Adolf  Burck,  which  was  referred  to  Dr.  Brinton. 

Mr.  Chase  exhibited  two  corresponding  Curves  ;  one  of  the 
annual  auroral  curve  at  New  Haven ;  the  other  of  the  annual 
rain  curve  at  Philadelphia ;  and  described  the  probable  cause 
of  their  agreement. 

And  the  Meeting  was  adjourned. 


Stated  Meeting^  June  16,  1871. 

Prof.  C.  B.  Trego,  in  the  Chair. 
Present,  five  members. 

A  photograph  of  Mr.  Joseph  Saxon  was  presanted  by  him 
self,  for  insertion  in  the  Album. 

A  letter  of  envoy  was  received  from  the  U.  S.  Naval  Ob 
servatory. 

Donations  for  the  library  were  received   from  the  Berlin 

Academy,  London  Astronomical  Society,  Editors  of  Nature, 

Geological  Survey  of  Canada,  Essex  Institute,  Boston  Public 

Library,  Massachusetts  Historical  Society,  Editors  of  Old  and 
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New,  Cambridge  Museum  of  Comparative  Zoology,  Mr.  Ed- 
mjind  Quincy,  Silliman's  Journal,  New  York  State  Library, 
American  Literary  Bureau,  Franklin  Institute,  Medical  News, 
College  of  Pharmacy,  Board  of  Water  Works,  Fairmount  Park 
Commission,  Penn  Monthly,  C.  M.  Wheatley  of  Phoenixville, 
Pennsylvania  Board  of  Public  Charities,  Smithsonian  Insti- 
tute, U.  S.  N.  Observatory,  and  Georgia  Historical  Society. 

The  Committee  to  whom  was  referred  the  Aztec  grammar 
and  vocabulary  of  Mr.  Burck,  reported  against  its  publication, 
and  the  Committee  was  discharged  from  further  consideration 
of  the  subject. 

Mr.  n.  W. Field,  a  member  of  the  Society,  was  appointed  to 
prepare  an  obituary  notice  of  the  late  Sir  John  F.  W.  Hershel. 

Mr.  Lesley  communicated  to  the  members  present,  certain 
geological  facts  respecting  the  percentage  of  volatile  matter  in 
the  six-foot  coal  bed  near  Ursina,  Somerset  County,  Pennsyl- 
vania, and  the  percentage  of  titanic  acid  in  the  iron  ores  near 
Greensboro,  North  Carolina,  with  a  view  to  placing  them  on 
record. 

Mr.  Chase  communicated  a  note  upon  the  English  wind-ta- 
bles, and  a  note  upon  the  nature  of  the  Tidal  Wave. 

Mr.  Cope  announced  that  800  species  of  fish  had  been  re- 
ceived by  him  from  Vienna,  in  good  condition,  being  that  part 
of  Prof.  Hyrtl's  Osteological  Collection  which  Prof.  Cope  had 
secured,  against  the  competition  of  the  British  Museum,  and 
other  European  Cabinets  desirous  of  possessing  it,  and  de- 
scribed the  admirable  character  of  the  preparations. 

Pending  nominations,  Nos.  677  and  678  were  read. 

An  extract  was  read  from  a  letter  of  M.  Carlier  to  M. 
Durand,  respecting  the  Michaux  rentes. 

On  motion  of  Mr.  Cope,  an  appropriation  was  made  of  an 
additional  sum  of  $35,  to  cover  the  total  expense  for  the  illus- 
trations of  his  paper  on  Megaptera  Bellicosa,  published  in  the 
proceedings,  and  his  paper  on  the  Fishes  of  the  Lesser  Antilles, 
published  in  the  transactions. 

And  the  meeting  was  adjourned. 
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Heller  and  Brightley's  New  Transit. 

The  Engineers  and  Surveyors'  Transit  as  at  first  constructed  commonly 
termed  a  "flat  centre,"  or  "Railroad  Transit,"  although  superior  to  the 
English  Theodolite  which  it  superseded,  yet  in  practice  has  been  found 
defective  in  the  following  mechanical  details. 

1st.  The  upper  or  vernier  plate,  resting  and  turning  upon  the  under  or 
graduated  limb,  was  accompanied  by  so  much  friction,  c«aused  by  the 
large  extent  of  the  rubbing  surfaces,  that  in  turning  the  vernier  plate 
around  the  limb,  the  whole  instrument  would  sometimes  be  moved  upon 
the  lower  spindle. 

2d.  The  oil  that  was  necessarily  used  to  lubricate  the  plates,  would  be- 
come so  congealed  in  cold  weather  that  the  plates  would  not  move  at  all, 
and  old  Railroad  Engineers  will  readily  recall  the  thawing  out  of  their  in- 
struments over  large  fires,  at  every  fall  of  the  thermometer,  before  they 
could  be  used. 

3d.  The  spindle  upon  which  the  entire  instrument  turns,  being  detached 
from  the  instrument,  thus  violating  one  of  the  standard  rules,  that  by  long 
experience  in  this  country  and  Europe,  has  been  found  necessary  in  the  con- 
struction of  any  instrument  with  any  pretensions  to  accuracy,  viz.  :  *^any 
instrument  having  a  graduated  plate  and  levels  should  be  so  constructed 
that  both  of  the  centres  upon  which  the  instrument  turns  should  be  always 
covered  and  not  detachable  from  the  main  plates,^"*  To  prove  the  utility  of 
this  rule,  it  is  only  necessary  after  adjusting  the  levels  of  one  of  this  class 
of  Transits  so  that  they  will  reverse  on  the  top  centre,  to  clamp  the  two 
plates  together,  and  turn  the  instrument  on  the  lower  spindle,  and  the 
levels  will  invariably  be  found  out  of  adjustment,  showing  conclusively 
that  through  some  cause,  most  frequently  the  settling  of  flying  dust,  etc., 
upon  the  surface  and  shoulder  of  the  spindle,  the  spindle  is  not  at  right 
angles  to  the  surfaces  of  the  plates. 

4th.  The  centre  around  which  the  graduated  limb  revolves  can  only  be 
the  thickness  of  the  graduated  limb  ;  this  centre  by  reason  of  its  small 
surface  wears  after  comparatively  short  use,  and  does  not  exactly  fit  the 
conical  hole  in  the  graduated  hmb,  and  two  readings  of  the  same  object 
taken  without  any  change  in  the  position  of  the  instrument  have  been  found 
to  differ  by  5',  and  from  no  other  cause  than  this. 

These  various  defects  have  caused  this  style  of  instrument  to  be  entirely 
discarded  in  city  work,  and  for  this  another  construction  is  used  in  which 
the  two  main  plates  do  not  touch  each  other,  thus  obviating  the  two  first 
evils,  viz. :  the  friction  of  the  two  plates  rubbing  one  over  the  other, 
and  the  stiffness  of  motion  of  the  plates  in  cold  weather.  The  sockets 
and  spindles  upon  which  the  main  plates  revolve  b^ing  long  and  fitting 
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one  inside  of  the  other,  and  neither  of  them  being  exposed  or  detached 
from  the  instrument,  thus  remedying  the  two  last  causes  of  error.  These 
two  are  the  only  styles  of  Transit  made,  and  are  respectively  termed  the 
** short  centre  Transit"  and  the  **long  centre  Transit."  The  *'long 
centre,"  although  the  most  perfect  in  its  construction,  has  never  been  a 
favorite  among  Railroad  Engineers  for  the  following  reasons  : 

1st.  The  increased  size  of  the  centres  making  it  heavier,  and  this  being 
a  very  serious  objection  where  an  instrument  must  be  carried  several 
miles  every  day  as  is  frequent  in  Railroad  surveys. 

2d.  The  instrument  not  being  detached  from  the  tripod,  except  at  the 
base,  compelled  the  Engineer  in  movingthe  instrument  from  one  station  to 
another  to  either  carry  the  entire  instrument  himself  or  trust  it  to  his  assist- 
ant, while  in  the  short  centre,  the  instrument  lifting  off  the  spindle,  the 
Engineer  could  take  the  comparitively  light  instrument  with  all  the  im- 
portant parts,  and  leave  his  assistant  to  carry  the  heavier  portion  of  the 
tripod  with  its  leveling  screws,  legs,  etc. 

3d.  The  removing  and  replacing  of  the  instrument  on  the  tripod  being 
accomplished  by  means  of  a  large  screw  thread,  is  a  very  tedious  and  un- 
safe method,  and  if  not  very  carefully  performed  is  liable  to  injure  the 
instrument. 

4th.  The  extra  skill,  time,  and  care  required  in  making  the  long  centre 
was  so  much  greater  than  the  fiat  centre,  that  the  price  of  the  instrument 
was  materially  increased. 

Ever  since  the  introduction  of  the  Transit  numerous  endeavors  have 
been  made  to  reduce  the  weight  of  the  instrument,,  but  as  they  have  all 
been  conducted  on  the  same  principle,  i.  e.,  reducing  the  thickness  of  the 
various  plates,  etc.,  their  only  effect  was  to  make  the  instrument  so  slight 
as  to  be  unsteady,  their  bearing  surface  so  short  as  to  soon  wear  loose, 
and  the  instrument  always  losing  its  adjustment.  The  manufacturers  of 
this  instrument  have  had  their  attention  drawn  to  the  increased  strength 
and  steadiness  that  the  employment  of  the  "transverse  section,"  ** rib- 
bing or  bracing, "  imparted  to  metals;  and  the  amount  of  metal  that 
could  be  removed  from  a  solid  plate  of  metal,  and  its  strength  and  steadi- 
ness not  impaired,  but  even  added  to,  if  only  judicious  ribbing  was  re- 
sorted to.  In  this  improved  Transit,  which  is  a  long  centre,  the  weight 
as  compared  with  an  ordinary  Transit  of  the  same  size  is  reduced  one-half, 
and  the  instrument  is  not  contracted  in  any  part,  but  in  some  parts  where 
increased  size  would  be  an  advantage,  such  as  the  graduated  plate,  centre, 
etc.,  it  has  been  done,  but  all  the  plates,  etc.,  are  ribbed  in  such  a  way  as 
to  be  stronger  than  a  solid  plate,  and  all  metal  that  did  not  impart 
either  strength  or  steadiness  has  been  removed. 

The  Railroad  Engineer  has  in  this  instrument  a  long  centre  Transit 
that  can  be  taken  from  off  the  tripod  and  replaced  in  a  quicker  and  surer 
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way  than  the  short  centre  Transit,  but  unlike  the  short  centre,  keeps  all 
the  centres  covered  and  not  removable  from  the  instrument,  and  leaves 
the  tripod  head  and  legs  with  the  four  levelling  screws,  etc.,  to  be  carried 
by  his  assistant.  The  difference  in  weight  will  be  appreciated  by  the 
Bailroad  Engineer  when  we  inform  him  that  a  plain  Transit  with  all  its 
centres,  etc.,  only  weighs  about  as  much  as  a  Surveyor's  Sight  Compass, 
and  is  more  steady  and  keeps  in  adjustment  better  than  the  ordinary  long 
centre  transit,  weighing  from  25  to  30  pounds. 

The  City  Engineer  has  in  this  instrument  all  the  advantages  of  the 
ordinary  "long  centre  Transit'*  with  only  half  the  weight,  and  an  in- 
crease of  steadinsss. 

There  are  several  defects  that  are  common  to  all  Transits,  among  which 
are — 

1st.  The  "tangent  or  slow  motion  screw"  that  moves  the  upper  or 
vernier  plate,  by  use  becomes  worn  and  does  not  fit  precisely  the  thread 
in  the  interior  of  the  nut  through  which  it  passes.    When  this  occurs  the 
tangent  screw  can  be  turned  sometimes  a  complete  revolution  without 
moving  the  vernier  plate.     This  "lost  motion"  or  "back  lash"  of  the 
tangent  is  one  of  the  worst  annoyances  of  Engineers,  aud  has  been  the 
source  of  serious  errors  in  the  field.     Several  methods  have  been  devised 
to  overcome  this  which  we  will  here  describe.     The  nut  through  which 
the  screw  works  has  been  made  in  two  sections  to  allow  of  being  drawn 
together  when  the  screw  wears.  This  plan  would  answer  if  the  screw  always 
wore  equally  in  every  portion  of  its  length,  in  other  words  was  a  cylinder, 
but  this  it  never  does,  and  if  the  nut  is  tightened  so  that  the  lost  motion 
la  removed  from  the  thinner  portion  of  the  screw,  it  will  move  so  tightly 
as  to  be  useless  when  it  comes  to  the  portions  that  are  not  worn  so  thin. 
There  are  several  methods  of  drawing  the  nut  together,  but  they  have 
all  the  same  objections  as  the  above,  that  is,  they  are  not  effective  in  thft 
entire  length,  and  the  nut  must  be  pressed  so  very  hard  on  the  screw  as 
to  make  the  working  of  the  tangent  very  tense,  especially  in  cold  weather. 
Another,  and  the  last  method  has  been  to  apply  a  long  spiral  spring  be- 
tween the  nut  and  the  head  of  the  screw  that  acts  as  the  finger  piece, 
thus  pressing  the  nut  and  the  screw  from  each  other,  and  consequently 
removing  all   "lost  motion"  from   the  screw.      This  plan  though  in 
theory   very  good,    in   practice    has    been  found    inoperative,   for  the 
following  reason :  the  spiral  spring  had  of  necessity  to  be   made  long 
enough,  and  stiff  enough,  to  act  in  every  portion  of  the  screw's  length, 
the  alternate  opening  and  closing  of  the  spring  by  use  weakened  it,  and 
in  a  short  time  it  failed  to  remove  the  "  back  play."     To  get  rid  of  this 
defect  of  "lost  motion  "  in  the  tangent  screw,  opposing  or  butting  screws 
have  been  sometimes  substituted,  but  in  use  they  do  not  give  satisfaction, 
as  two  hands  must  be  employed  in  using  them,  and  standing  from  the 
edge  of  the  plate,  they  are  liable  to  be  injured  by  blows,  and  they  are 
apt,  unless  very  carefully  used,  to  throw  the  instrument  out  of  level. 
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In  this  instrument  we  have  an  improved  tangent  screw ;  that  no  matter 
how  much  the  screw  may  wtar  by  use,  or  time,  will  never  get  "  lost  mo- 
tion," but  will  instantly  obey  the  slightest  touch  of  the  hand  :  this  is 
effected  by  means  of  a  long  cylinder  nut,  from  the  interior  of  which  two- 
thirds  of  the  screw  have  been  removed  ;  into  half  the  recess  thus  left  in 
the  nut,  is  nicely  fitted  a  cylindrical  "follower,"  with  the  same  length  of 
screw  thread  as  the  nut ;  this  follower  is  fitted  with  a  **key,"  that  pre- 
vents it  turning  in  the  recess,  but  allows  motion  in  the  direction  of  its 
length.  A  strong  spiral  spring  is  placed  in  the  remaining  half  of  the 
recess,  between  the  fixed  nut  and  the  movable  follower,  and  the  spring 
has  always  tension  enough  to  force  the  follower  and  fixed  thread  in  con- 
trary directions,  and  thus  to  remove  any  "lost  motion  "  that  may  occur 
in  the  screw.  It  will  be  obsei*ved,  that  in  this  method  the  spring  always 
remains  in  a  state  of  rest,  instead  of  closing  and  opening,  as  has  been 
the  case  in  all  other  applications  of  springs,  and  which  have  been  the 
cause  of  their  failure.  Tangent  screws  that  have  had  as  much  as  10' 
play,  have  been  made  to  work  entirely  taut  by  this  method. 

The  mode  of  attaching  the  tangent  screw  to  the  plates  in  this  instru- 
ment is  entirely  new — it  is  a  miniature  modification  of  the  "  Gimbelling" 
of  a  ship's  compass,  and  allows  the  tangent  screw,  by  its  free  swivel- 
ling, to  be  tangent  to  the  plates  in  every  part  of  its  length,  and  thus 
never  to  bind.  This  tangent  screw  is  also  of  value  for  sextants,  astro- 
nomical instruments,  &c.,  where  lost  motion  is  detrimental,  and  a  smooth, 
easy  motion  is  required. 

In  all  instruments,  the  brass  cheeks  in  which  the  three  legs  of  the 
tripod  play,  are  fastened  to  the  lower  parallel  plate  by  a  number  of  small 
screws,  commonly  twelve.  When  the  legs  wear  in  the  cheeks,  and  be- 
come unsteady,  the  only  method  the  Engineer  has  of  tightening  the  legs, 
is  by  drawing  the  cheeks,  in  which  the  leg  moves,  by  means  of  the  bolt 
that  passes  through  the  leg ;  this,  of  necessity,  draws  the  cheeks  out  of 
perpendicularity,  and  strains  the  small  screws  that  bind  the  cheeks  to 
the  parallel  plate  so  much,  as  frequently  to  loosen  them.  This  source  of 
instnimental  error  hardly,  if  ever,  occurs  to  the  Engineer,  but  very  good 
instruments  have  been  condemned  as  unsteady,  when  an  examination  has 
shown  the  fault  to  be  the  above.  This  source  of  error  can  never  occur  in 
this  instrument,  as  the  cheeks  and  the  parallel  plate  are  made  in  one 
solid  piece. 

But  to  come  to  the  last  and  most  serious  evil.  The  effective  power  of 
the  Telescope  is  impaired  by  spherical  aberration  ;  that  is,  the  field  of 
view,  as  seen  in  the  Telescope,  is  not  a  perfect  plane  or  flat,  but  is 
spherical.  To  prove  this,  take  an  ordinary  telescope,  and  focus  it  so  that 
an  object  will  be  clearly  defined  at  the  intersection  of  the  cross  hairs 
or  the  centre  of  the  field  of  view,  then,  by  means  of  the  tangent  screw, 
bring  the  same  object  to  the  edge  of  the  field  of  view  and  it  will  be  found  in 
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every  case  to  be  indistinct  and  not  in  focus ;  on  the  contrary,  focus  it  so  as  to 
be  distinct  at  the  edge,  and  it  will  be  indistinct  when  brought  to  tlie  centre. 
Id  -Bome  telescopes,  however,  it  is  impossible  to  focus  at  the  outer  edge 
of  the  field,  and  objects  will  be  tinged  with  prismatic  colors,  showing 
that  these  glasses  are  affected  by  chromatic  aberration  also ;  sometimes 
the  cause  of  this  defect  lies  in  the  object  glass,  but  in  the  majority  of 
cases,  the  lenses  composing  the  eye-piece  are  in  fault. 

These  aberrations  affect  the  working  of  the  telescope  in  several  ways. 
First,  it  practically  diminishes  the  size  of  the  object  glass,  and  the  view 
is  never  so  clear  and  distinct  as  it  ought  to  be.  Second,  It  is  very  diffi- 
cult, and  in  some  cases  almost  impossible,  to  adjust  the  eye-piece  to 
prevent  parallax,  or  **  travelling*' of  the  cross  wires,  when  the  eye  is 
shifted  from  side  to  side  ;  and  practical  engineers  know  what  a  sharper 
power  of  defining,  and  how  much  less  tryin«^  to  the  eyes  a  **soft  glass" 
has — that  is,  one  that  has  a  **  flat  field." 

This  defect  has  prevented  the  general  use  of  the  Stadia,  or  Micrometer 
wires,  as  a  method  of  measuring  distances  without  a  chain,  as  the  two 
horizontal  hairs  that  are  used,  being  in  diifreut  parts  of  the  field  of  view, 
can  not,  in  a  majority  of  cases,  be  focused  so  as  to  be  devoid  of  parallax, 
and  the  slightest  travelling  of  the  wires  in  this  operation  will  give  au 
erroneous  result. 

The  evils  of  this  defect  were  most  forcibly  brought  to  Mr.  Heller  and 
the  lats  Wm.  J.  Young's  notice,  when  one  of  their  best  Transits  failed  to 
define  in  tunnel  work,  from  loss  of  liglit,  from  this  cause,  and  they  both 
endeavored,  to  within  a  short  time  of  Mr.  Young's  death,  to  remedy  it, 
trying  all  the  known  formulas  of  almost  all  the  opticians  in  the  country, 
but  without  any  good  results. 

In  the  Telescope  of  this  instrument  these  evils  are  entirely  removed,  by 
the  employment  of  a  new  eye-piece,  and  advantage  has  been  taken  of 
the  improvements  that  Optics  have  made  in  the  last  few  years,  in  the 
curvatures  and  arrangements  of  the  lenses  that  compose  it ;  and  the  test 
referred  to  above,  of  focusing  an  object  in  the  centre  of  the  field  of 
view,  and  then  bringing  the  same  object  to  the  edge,  and  it  still  remain- 
ing in  sharp  focus,  can  be  done  with  this  telescope,  and  the  object  shows 
no  tinge  of  prismatic  color,  showing  that  both  chromatic  and  spherical 
aberration  have  been  removed. 

The  advantages  of  this  improved  Telescope  are  :  a  clear  and  sharply  de- 
fined field  of  view  ;  a  field  of  view  so  flat  that  the  cross  hairs  are  without 
parallax  in  every  part  of  it,  and  micrometer  hairs  or  Stadia  can  be  used 
with  favorable  results. 

The  whole  effective  power  of  the  object  glass  being  used  and  none  of 
the  light  lost,  work  can  be  commenced  earlier  in  the  morning  and  contin- 
ued later  in  the  afternoon  than  is  usual.    This,  in  the  winter  season,  is 
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no  slight  matter  to  the  engineer,  and  lastly,  there  is  no  straining  of  the 
eyes  in  sighting. 

The  spider's  web,  by  reason  of  its  fineness,  is  the  only  article  hitherto 
used  for  cross  hairs,  yet  in  use  these  have  been  attended  with  some  diffi- 
culties :  first,  the  spider's  web  is  hygrometric,  or  is  affected  by  the  hu- 
midity of  the  atmosphere — when  exposed  to  dampness  lengthening,  and  of 
course  throwing  the  line  of  colHmation  from  its  true  place.  This  defect 
is  more  serious  in  the  Engineer's  Levelling  Instrument  than  in  the 
Transit,  instances  being  known  where  the  line  of  collimation  has  altered 
two  or  three  times  in  the  course  of  ten  hours,  by  reason  of  atmospheric 
changes,  and  of  course  any  observations  taken  at  those  times  would  be 
defective  ;  lastly,  the  spider's  web  being  a  transparent  and  not  an  opaque 
substance,  in  some  positions  it  is  impossible  to  see  the  hairs  at  all — this 
is  more  especially  the  case  when  sighting  in  the  direction  of  the  sun ; 
that  is,  an  easterly  course  in  the  forenoon,  or  westerly  in  the  after- 
noon. 

To  i-emedy  this  defect,  platina  cross  hairs  j^Vtt  ^^  ^"  i^ch  in  thickness, 
or  as  fine  as  spider's  web,  are  substituted  ;  these  being  opaque,  and  not 
transparent,  in  sighting  in  the  direction  of  the  sun  are  still  visible,  and 
any  atmospheric  changes,  dampness,  &c.,  do  not  affect  them.  We  believe 
that  we  are  the  first  ones  in  this  country  who  have  drawn  wire  so  thin, 
and  the  only  ones  who  have  made  any  practical  use  of  Dr.  Wollaston's 
experiment.  The  platina  hairs  are  invaluable  in  Mining  and  Tunneling 
Instruments,  that  are  so  constantly  exposed  to  dampness,  and  being 
opaque,  no  reflector  to  illuminate  the  cross  wires  is  required. 

To  prevent  the  stiffness  of  working  of  the  leveling,  tangent  and  other 
screws  in  cold  weather,  which  arises  from  the  congealing  of  the  jjrease 
that  is  used  in  lubricating  them,  no  oil  is  used  upon  the  screws  of  this 
instrument,  but  they  are  lubricated  with  pure  plumbago. 

By  a  simple  arrangement  of  the  clamps  on  the  axle  of  our  complete 
Transits,  we  make  them  also  answer  the  purpose  of  a  pair  of  Compass 
sights,  for  taking  offsets  at  right  angles  to  the  telescope. 

From  the  above,  it  will  be  seen  that  this  instrument  has  the  following 
improvements  over  the  ordinary  Transit : — 1.  A  simple,  secure  and  steady 
method  of  attaching  and  detaching  from  the  tripod,  being  the  only  long- 
centre  transit  made  that  detaches  as  easily  as  a  short  centre.  2.  An  im- 
portant decrease  of  weight,  without  decrease  of  size,  and  an  increase  of 
steadiness.  3.  All  the  working  parts  of  the  tangent  screw,  &c.,  bi-ought 
within  the  plates,  making  the  instrument  more  compact.  4.  An  improved 
tangent  screw,  telescope,  cross  hairs  and  tripod  head.  5.  A  pair  of 
sights  for  taking  offsets ;  and  6.  A  new  method  of  lubricating  the 
screws. 
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On  the  relation  of  tJie  Aukobas  to  qkavitatinq  cukkknts. 

By  Pliny  Earle  Chase. 

{Read  before  the  American  Philosophical  Society,  May  ^th,  1871.) 

Prof.  Loomis's  observations  of  the  number  of  Auroras  in  each  month 
of  1869  and  1870  (Amer.  Jour,  of  Science,  3d  S.,  i,  309),  are  specially 
noteworthy,  both  because  of  the  careful  accuracy  of  the  observer,  and 
because  they  are  the  first  published  observations  which  furnish  satisfac- 
tory data  for  an  approximate  determination  of  the  laws  of  auroral  dis- 
tribution. 

If  the  auroras  are,  as  is  now  generally  believed,  luminous  manifesta* 
tions  of  terrestrial  magnetism,  it  seems  reasonable  to  look  to  them  for 
some  additional  evidence  upon  the  question  of  the  relation  between  mag- 
netic and  gravitating  currents.  Messrs.  Baxendell  and  Bloxam  have  al- 
ready pointed  out  some  resemblances  between  hyetal  and  magnetic  curves, 
(see  Proc.  A.  P.  S.,  x,  368)  and  if  analogous  resemblances  can  be  traced 
between  hyetal  and  auroral  curves,  they  will  be  interesting  and  suggestive. 

I  have  not  found  the  similarity  bfetween  the  annual  disti-ibution  of  rain- 
falls and  of  auroras,  sufficiently  striking  to  impress  any  one  who  has  not 
made  a  special  study  of  the  causes  of  resemblance  and  difference.  But, 
as  I  have  repeatedly  urged,  currents  are  subject  to  an  increased  number 
of  disguising  disturbances,  in  proportion  to  the  sluggishness  of  their  mo- 
tion, and  the  time  which  is  consequently  required  for  their  formation  or 
change.  We  may  very  reasonably  look  for  analogies  between  the  daily 
and  the  annual  auroral  or  magnetic  curves,  of  a  character  for  which  we 
could  hope  to  find  no  parallel  in  wind,  rain,  or  ocean-current  curves. 

If  we  desire,  therefore,  to  find  evidence  of  the  joint  influence  of  solar 
expansion  and  gravitating  equilibrium,  we  should  look  where  it  is  most 
likely  to  be  found,  and  to  the  best  of  the  observations  which  may  be  sup- 
posed to  be  fairly  comparable.  There  are  similar  variations  of  solar  at- 
titude, and  consequently  increasing  and  diminishing  solar  force,  in  the 
day  and  in  the  year,  but  the  effects  of  these  variations  upon  the  precipita- 
tion of  vapor,  are  more  likely  to  be  shown  in  their  greatest  simplicity,  by 
the  means  of  observations  at  different  hours  of  the  day  than  at  different 
seasons  of  the  year.  I  know  of  no  published  observations  of  this  char- 
acter at  New  Haven,  but  there  are  some  extending  over  a  long  series  of 
years,  at  Philadelphia  and  at  Greenwich,  the  curves  at  each  station  indi- 
cating minima  of  rainfall  at .  noon  and  midnight,  and  maxima  in  tho 
morning  and  evening.  The  difference  of  longitude  between  Philadelphia 
and  New  Haven  being  less  than  2J°,  it  is  not  likely  that  there  is  any 
material  difference  in  the  daily  rain-curves  at  the  two  places. 

In  order  to  make  the  curves  fairly  comparable,  both  in  regard  to  the 
times  and  the  magnitudes  of  deviation,  I  treated  the  auroral  observations 
in  the  same  manner  as  those  of  rainfall  (Proc.  A.  P.  S.,  x,  526).  Both 
in  the  magnetic  and  in  the  hyetal  phenomena,  the  greatest  effects  accom- 
pany the  greatest  atmospheric  changes.  But  in  the  magnetic  disturb- 
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aDces  the  principal  maxima  occur  in  the  spring  of  the  year  and  the 
morning  of  the  day,  while  the  general  evaporation  is  increasing,  whereas, 
in  the  daily  rains  at  Philadelphia,  the  principal  maximum  occurs  in  the 
afternoon,  when  evaporation  is  diminishing.  I  have,  therefore,  compared 
the  midwinter  ordinate  of  the  auroral  with  the  noon  ordinate  of  the  rain 
curve,  and  the  midsummer  auroral  with  the  midnight  hyetal  ordinate. 


The  auroral  observations  and  the  normal  ordinates  of  the  accompanying 
curves,  are  given  in  the  following  table.  I  presume  no  one  will  doubt 
that  the  condensation  of  vapor,  which  is  represented  by  the  raincurvc^is 
occasioned  by  the  simple  operation  of  gravitation  in  blending  currents  of 
different  temperatures,  and  I  see  no  reason  for  postulating  any  different 
law  for  the  development  of  electricity  and  magnetism  in  the  aurora. 


? 


Comparative  Table  of  Auroras  and  Rainfalls. 
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Winds  of  Europe. 

By  Pliny  Earlb  Chase. 

{Read  before  tJie  American  Philosophieal  Society^  June  16,  1871.) 

In  my  desire  to  give  proper  weight  to  considerations  which  favor  the 
hypothesis  of  normal  cyclonic  currents,  I  stated  in  a  recent  communica- 
tion to  the  Society  (March  17,  1871),  as  one  of  the  admitted  facts,  ^Hhat 
most  of  the  European  winds  are  cyclonic." 

Further  study  has  satisfied  me  that  this  admission  is  altogether  too  lib- 
eral, and  that,  although  a  majority  of  the  European  winds  are  cyclonic, 
the  msgority  is  not  a  large  one.  The  daily  weather  maps  of  the  French 
"Bulletin  International,"  and  the  Quarterly  Weather  Reports  of  the 
British  Meteorological  OfBce  for  1869,  seem  to  show  conclusively  that  in 
France  and  Great  Britain,  anticyclonic  are  nearly  as  frequent  as  cyclonic 
currents,  and  that  it  is  only  by  a  discussion  of  continuous  records  that  the 
prevailing  cyclonism,  such  as  is  indicated  in  the  following  table,  can  be 
demonstrated. 

I  have  deduced  the  average  direction  of  the  winds  from  the  tables  in 
Coffin's  "  Winds  of  the  Northern  Hemisphere."  Those  marked  (C)  were 
computed  by  Prof.  Coffin ;  the  others  were  obtained  by  combining, 
with  some  regard  to  weight,  the  observations  which  he  records  for  the 
respective  districts. 

Mean  Direction  of  European  Winds. 

Ireland,  (2  stations) ', N.  86O50'  W. 

England(C) S.   66 

Scotland,  (C) "62 

Sweden,  (C) "  50  " 

Norway,  (1  station) "  86  59     " 

Denmark,  (C) "62  " 

Denmark,  Norway  and  Sweden "  62  56     " 

Russia "  52  21     " 

"      and  Hungary,  (C) N.  87 

Prussia S.  73  36     *> 

Germany,  (C) "  76  *> 

"        Southern,  (C) "82    4    •* 

Austria "  64  49     '* 

Holland  and  Belgium "  79  18     " 

France  and  Netherlands,  (0) "88  ** 

France,  <:C) "  82  50     - 

Switzerland N.  56  54    - 

Italy •. "  26  43     " 

On  the  NoBMAL  Position  of  the  Tidal  Ellipsoid. 

By  Pliny  Eable  Chase. 

{Read  before  iJie  American  Philosophical  Society,  June  16,  1871.) 

The  inferences  of  Laplace,  that  for  certain  depths,  and  of  Airy,  that  for 

all  depths,  on  a  globe  covered  with  a  sea  of  uniform  depth  and  without 
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friction,  it  should  be  low  water  under  the  moony  rest  on  the  assumption 
that  dr  is  so  slight  (see  Mec.  Celeste  327  iv,  337  iv,  842,  2177,  &c.,;  that 
it  may  be  neglected,  in  order  to  satisfy  equations  which  would  otherwise 
be  impossible  of  integration.  It  is  true  that  the  radial  coordinate  of 
the  tide  wave,  is  insignificant  in  comparison  with  the  coordinates  in  lati- 
tude and  longitude,  but  the  cause  of  that  insignificance  is  not  immediate- 
ly evident,  and  I  can  see  no  I'eason  for  omitting,  in  tidal  discussions,  any 
term  which  would  be  important  in  the  discussion  of  planetaiy  motions. 
I  presume  the  following  postulates  will  be  readily  granted. 

I.  If  the  earth  had  no  axial  rotation,  the  tide  would  be  one  of  equilib- 
rium, with  high  water  under  the  moon. 

II.  If  rotation  were  to  commence  after  the  establishment  of  the  equi- 
libnum  tide,  the  tidal  ellipsoid  would  be  thrown  forward  in  the  direction 
of  rotation. 

III.  If  the  water  fiowed  with  such  velocity  as  to  be  self-sUstained,  the 
centrifugal  balancing  the  centripetal  force,  it  would  be  low  water  under 
the  moon. 

As  neither  the  first  nor  the  third  of  these  conditions  is  true,  it  would 
seem  reasonable  to  infer  that  the  tidal  crest  should  be  at  some  point  inter- 
mediate between  the  lunar  meridian  and  the  lunar  astronomical  horizon. 
The  second  postulate  favors  this  inference,  provided  there  is  any  force, 
other  than  friction,  which  would  tend  to  set  back  the  crest  of  the  third 
postulate. 

8uch  forces,  it  seems  to  me,  exist  in  the  cohesive  attraction  and  iucom- 
pressibility  of  the  water,  and  the  rigidity  of  the  earth,  all  of  which  tend 
to  shorten  the  i*adiu8  vector  and  inci-ease  the  velocity  of  every  particle 
dniy  in  two  of  the  quadrants,  and  to  lengthen  the  radius  and  diminish  ^e 
velocity,  in  the  alternate  quadrants.  These  successive  increments  and  de- 
crements of  velocity  terminate  at  the  octants,  thus  tending  to  produce 
low  water  three  hours  before,  and  high  water  three  hours  after,  the  moon 
passes  the  meridian. 

Airy  (Mo.  Notices,  R.  A.  8.,  April  13,  1866),  gives  a  diagram  to  show, 
from  the  position  of  the  points  at  which  zero  horizontal  currents  become 
plus  or  minua  currents,  that  it  must  be  low  water  under  the  moon.  I  am 
unable  to  reconcile  his  hypotheses,  respecting  the  direction  and  velocity 
of  the  currents,  with  actual  tidal  observations,  but  even  if  they  are  cor- 
rect, I  think  we  should  look  to  the  total  action  of  the  moon,  rather  than 
to  the  flow  of  water  at  particular  points.  The  water  falls  in  the  entire 
quadrants  immediately  following,  and  rises  throughout  the  quadrants  im- 
mediately preceding  the.  meridian  of  high  water.  Would  not  this  contin- 
uous action  be  best  sustained  if  the  moon  were  on  the  great  circle  45^  W. 
of  the  crest  and  450E.  of  the  trough  of  the  tidal  wave,  as  Newton  sug- 
gested in  his  Principia,  B.  I.,  Prop.  66,  Cor.  20? 
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Note  on  an  Apparent  Violation  of  tJie  Law  of  Regular  Progressive  De- 

hituminisation  of  the  American  Coal  Beds  Coming  East. 

By  J.  P.  Leslbt. 

(Bead  before  the  American  Philosophical  Society y  JunCy  1871.) 

In  the  course  of  a  Geolo^cal  survey  of  certain  lauds  in  Somerset  County, 
Pennsylvania,  it  appeared  that  the  beds  of  coal  existing  at  Ursina  held 
much  less  volatile  matter  than  was  expected.  The  gas  coals  of  West- 
moreland County,  which  come  east  as  far  as  Connellsville,  only  thirty 
miles  west  of  Ursina  (see  accompanying  map),  hold  between  80  and  40 
per  cent,  of  volatile  matters.  Three  analyses  show  the  Ursina  coals  to 
have  but  17  per  cent.,  while  a  fourth  gives  22  per  cent.  This  puts  the 
Somerset  County  coals  into  the  semi-bituminous  class.  Yet  the  specimens 
were  taken  from  gangways,  a  good  many  years  old,  and  several  hundred  feet 
from  the  outcrop,  under  high  hill  cover,  at  a  point  on  the  western  border  of 
the  First  Bituminous  Coal  Basin  of  Pennsylvania,  near  the  Maryland  and 
Virginia  State  lino.  More  properly  we  should  say  that  the  Ursina  coals  lie  in 
the  second  synclinal  of  the  First  Basin.  For  the  Negro  Mountain  Anticlinal 
comes  up  from  Virginia  and  splits  the  First  Basin  into  two  in  Pennsyl- 
vania. The  mountain  dies  down  at  Castleman's  Hiver ;  but  the  anti- 
clinal axis  runs  on  northward.  The  First  Basin  is  similarly  spHt  into 
two,  east  of  Johnstown,  by  the  Viaduct  Anticlinal,  which  may  or  may 
not  be  an  actual  prolongation  of  that  of  Negro  Mountain. 

To  make  the  situation  understood,  the  following  extracts  from  my  re- 
port to  the  owners  of  the  property  will  suffice.  The  accompanying  map 
shows  the  Backbone  of  the  Alleghany  passing  by  Altoona.  This  is  the 
eastern  edge  of  the  First  Bituminous  Coal  Basin.  The  two  long  parallel 
mountains  between  Ursina  and  Connellsville  enclose  the  Second  Bitumin- 
ous Coal  Basin  of  Pennsylvania.  The  Third,  Fourth,  and  Fifth  lie  west 
of  it,  and  the  Sixth  occupies  the  northwest  corner  of  the  map  ;  no  moun- 
tains separating  the  last  four. 

Figs.  1  and  2  will  suffice  to  show  the  topographical  character  of  the 
country,  and  how  the  areas  of  the  almost  horizontal  coal  beds  have  been 
cut  out  into  patterns,  as  if  with  a  jig-saw,  leaving  outcrop  edges  aroui^d 
all  the  hillsides,  at  which  gangways  enter,  and  from  the  mouths  of  these 
shutes  depend. 

Figs.  8  and  4  give  vertical  sections  of  the  coal  measures  made  with 
Becker's  Barometer  ;  and  Figs.  5  and  6  show  longitudinal  Vertical  sections 
of  the  hills. 

Special  surveys  like  this  have  more  than  a  commercial  value:  they 
reveal,  sometimes  very  unexpectedly,  new  truths  for  men  of  science.  It 
is  an  advantage  to  have  them  placed  on  record  for  common  use.  Too 
many  of  the  collected  facts  of  science  are  annually  lost  for  want  of  pub- 
lication. 

The  property  surveyed  in  this  instance,  lies  in  my  old  tramping  and 
camping  ground  of  1840,  daring  the  fifth  year  of  the  State  Geological 
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Survey.  The  report  which  Mr.  James  T.  Hodge  and  myself  made  to  Mr. 
H.  D.  Rogers,  Chief  of  the  Survey,  may  be  found  recorded  in  the  Fifth 
Annual  Report  (1841),  pages  89-02,  which  I  will  here  recapitulate  in  the 
descending  order  of  the  beds,  for  convenience  of  comparison. 

The  Pittsburgh  bed,  J,  has  been  eroded  from  the  whole  country  between 
the  Alleghany  Mountain  and  Chestnut  Ridge  (at  Connellsville  and 
Blairsville)  except  two  hill  tops ;  one,  near  Salisbury,  and  the  other  near 
Ligonler.  It  is  possible  also  that  a  third  exception  may  be  discovered  in 
the  high  hill  country  south  of  Johnstown,  where  a  conspicuous  bench 
runs  along  the  hilltops  for  several  miles. 

Limestone,  20  feet  below  I,  6  feet  thick  in  the  Llgonier  Basin.  . 

Coal  bed  H,  50  feet  below  I,  8  feet  thick  in  the  Ligonier  Basin  ;  1  foot 
thick  in  the  Salisbury  Basin. 

Coal  bed  G,  100  feet  below  H,  1^  feet  thick  in  the  Salisbury  Basin;  en- 
circles  the  highest  hilltops  in  the  Ursina  Basin  with  a  conspicuous  bench. 
Fort  Hill  is  not  quite  high  enough  to  have  it. 

Red  Shales  between  G  and  F. 

Coal  bed  F,  90  feet  below  G ;  generally  small ;  but  4  feet  thick  in  the 
Salisbury  Basin.    It  forms  the  high  terrace  of  the  Fort  Hill. 

Mahoning  Sandrock.  ^ 

Coal  bed  E,  "Upper  Freeport,"  50  feet  below  F ;  2  feet  thick,  on  2  feet 
of  Limestone  (over  it  Shales  with  ore-balls)  in  Ursina  Basin ;  8  feet  thick, 
on  5  feet  of  Limestone  in  the  Salisbury  Basin. 

Coal  bed  D,  "Lower  Freeport,'*  60  feet  below  E,  6  feet  thick  in  Ursina 
Basin ;  4  feet,  further  north ;  over  10  feet  of  Sandstone  with  ore  balls,  in 
two  beds,  7  feet  asunder,  11  inches  in  all.  This  ore  ball  horison-  is  veiy 
extensive  north  and  south  of  the  River. 

Coal  bed  C,  20  feet  below  D,  2^  to  4  feet  thick.  '^ 

Coal  bed  B,  80  feet  below  C  on  Cox's  Creek,  40  on  Laui*el  Hill  Ci-eek 
(N.  Fork),  and  60  at  Confluence ;  4  feet  thick  over  8  feet  of  Limestone  on 
the  river ;  1 J  feet  thick  over  4  feet  of  Limestone  on  the  North  Fork. 
Twenty  feet  above  B  lie  15  feet  of  Shales,  eto.,  containing  ore  balls,  on 
Spring  Run,  below  Pinkerton's  Bend  of  the  river. 

Coal  bed,  22  feet  below  Limestone,  on  west  bank  of  Castleman's  river, 
I  mile  above  Zook's  run  ford,  and  on  North  Fork  at  old  salt  boring ; 
carries  5  feet  of  Shale  containing  1  foot  of  ore  balls. 

Coal  bed  A,  70  feet  below  B ;  22  inches  thick,  at  Shroff's  Bridge  over 
Castleman's  river. 

Conglomerate ;  80  feet  below  A ;  the  interval  being  massive  Sandstone. 

Such  was  the  general  scheme  of  the  Coal  measures  made  out  during 
the  old  survey,  and,  however  subsequently  modified,  it  has  been  of  in- 
calculable value  in  all  subsequent  special,  and  private  investigations. 
It  was  a  very  successful  attempt  to  reduce  to  system  the  heterogeneous 
mass  of  details  collected  from  all  parts  of  the  Bituminous  Coal  Region 
of  western  Pennsylvania  outside,  or  to  the  east,  of  the  Monongahela  River 
Upper  Coal  Beds,  and  of  the  Alleghany  River  Lower  Coal  Beds.    It  was 
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A    MAP 

the  Geographical  Belations  of  the  Pittsburgh  and  Baltimore  C, 
C.  and  L  Co,'* 8  Lands  to  the  surrounding  county. 
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by  the  collation  of  these  three  generalizations,  that  the  first  knowledge 
of  the  true  order  of  the  American  Coal  Measures  was  obtained,  a  starting 
point  and  a  basis  for  all  the  Western  Surveys. 

It  was  merely  a  sketch,  however ;  done  hastily,  in  a  single  season,  and 
with  most  inadequate  means  at  our  command.  In  pecuniary  power  the 
party  fell  so  low  that  one  of  our  camps  on  the  North  Fork  could  not  be 
moved,  because  the  whole  party  could  not  raise,  amongst  them  all,  37J 
cents  to  pay  a  farmer's  bill  for  potatoes.  A  messenger  was  dispatched  to 
Hanna's  at  the  Turkey-foot,  now  Confluence,  with  a  faint  hope  of  receiv- 
ing from  the  Chief  in  Philadelphia  a  remittance.  Happily  a  letter  was 
lying  in  the  Post  office  which  relieved  our  embarrassments. 

Every  subsequent  private  survey  has  revealed  both  the  general  accuracy 
and  the  special  inaccuracies  of  the  .summary  statement  of  the  Fifth 
Annual  Report ;  and  there  is  work  for  competent  local  geologists  for  a 
long  time  to  come,  tracing  the  principal  members  of  the  column,  observ- 
ing their  variations,  intercalating  the  more  insignificant  deposits,  and 
discovering  their  sudden,  and  local,  and  valuable  expansions.  We  know 
but  little  yet  of  the  true  nature  of  the  genetic  relationships  of  coal,  car- 
bonate of  lime,  and  carbonate  of  iron.  But  we  know  that  they  hold  some 
curiously  fixed  relationships  of  the  highest  economical  importance. 
Every  special  survey,  therefore,  should  be  published,  in  the  hope  of  taking 
another  step  towards  a  complete  understanding  of  that  subject. 

It  is  with  this  view  that  I  append  a  special  description  of  a  property 
recently  surveyed,  stretching  for  five  miles  along  the  North  Fork  of  the 
Youghiogheny.  The  North  Fork  is  the  Laurel  Hill  Creek  of  the  Fifth 
Annual  Report.  Its  mouth  and  that  of  Castleman's  river  makes  tne 
Turkey  Foot  at  Confluence.  Ursina  is  a  new  village  one  mile  up  the 
Fork.  The  new  Baltimore  and  Pittsburgh  Railway  is  constructed  up  the 
south  side  of  the  Fork  past  Ursina,  where  its  grade  is  90  feet  above  water 
level.  It  then  passes  (by  a  tunnel)  through  the  hills,  and  continues  its 
course  eastward  up  the  North  bank  of  Castleman's  River.  Ursina  is  86 
miles  by  railroad  from  Pittsburgh,  and  248  from  Baltimore.  There  are 
6436  acres  in  this  property,  and  its  greatest  width  of  two  miles  carries  it 
across  the  centre  of  the  Coal  Basin  so  as  to  include  both  dips ;  which, 
however,  are  very  gentle,  nowhere  exceeding  5^  and  seldom  as  high  as  l^. 
There  is  also  a  gentle  lowering  of  the  central  belt  or  axis  of  the  basin 
south  westward  towards  the  Turkey  foot,  which  has  determined  its  strik- 
ingly romantic  topography.  The  hills  of  nearly  horizontal  coal  measures 
are  800  to  400  feet  high,  and  the  coal  beds,  etc.,  pass  through  them  from 
valley  to  valley  cropping  out  in  nearly  horizontal  lines  along  their  sides 
and  around  their  ends.  Easier  conditions  for  mining  cannot  be  imagined. 
And  it  is  in  a  country  quite  destitute  of  faults. 

The  coal  beds  belong  to  the  upper  part  of  the  Lower  Coal  System. 
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IJie  Six  Foot  Coal  Bed  outcrops  on  the  liill-side,  over  the  town  of 
TJrsina,  at  an  elevation  of  about  200  feet  above  the  water.  Its  outcrop 
keeps  at  about  this  height  along  the  east  Hank  of  the  Kidge  (Minder's 
and  Sander's  hill)  for  two  miles,  up  the  west  bank  of  the  North  Fork. 
It  crops  out  on  both  sides  of  Minder's  creek,  as  high  up  as  the  forks, 
where  ic  gets  under  the  water  of  thef  run,  which  descends  rapidly. 

Fig.   1. — A  MAP  SHOWING  THE  AREAS  OCCUPIED    BY  THE  SiX  FoOT 

Coal  Bed  in  the  hills  North  op  Ursina. 


In  the  northern  part  of  the  property  it  outcrops  on  both  sides  of  the 
a.  p.  b.— vol.  xn— q 
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North  Fork,  at  the  same  elevation  of  about  200  feet  above  water-level, 
for  a  distanco  of  two  and  a  half  (2^)  miles  ; 
— Along  both  sides  of  Smith's  creok,  for  IJ  miles  : 
— Along  both  sides  of  Brown's  creek,  for  1 J  miles  : 
— Along  both  sides  of  May's  creek,  for  J  mile  : 
— Along  both  sides  of  Zander's  creek,  for  J  mile  : 
So  that  the  outcrop  of  this  bed  has  a  run  of  over  ten  (10)  miles. 
In  this  Northern  part  of  the  property  it  lies  also  in  the  best  manner 
possible  for  mining ;  falling  gently  in  all  directions  towards  a  central 
point,  or  mining  location,  between  the  mouths  of  Smith's  and  Brown's 
creeks.     The  arrows  on  the  map  (fig.  1)  show  the  direction  of  the  fall  of 
the  coal.    The  two  parallel  lines  (from  R  R  northeastward)  show  the 
central  axis  of  the  basin,  or  deepest  part  of  the  coal  bed,  falling  towards 
S.  80O  +  W. 

Down  this  central  axis  the  coal  bed  falls  at  the  rate  of  less  than  lo  ; 
or,  between  60  and  70  feet  in  the  mile.  The  fall  from  the  Krieger  bank 
to  the  Rose  bank,  W.  S.  W.  is  150  feet  in  a  little  less  than  a  mile.  The 
rise  from  the  Rose  bank  to  the  crop,  up  May's  creek,  northward,  is  120 
feet  in  a  little  over  a  mile. 

The  foUowingr  openings  on  this  Six  Foot  Bed  have 
been  worked  for  several  years : — 

T%e  Krieger  Bank  one  mile  up  Brown's  creek,  south 
side  ;  9  feet  above  the  water-bed ;  runs  in  109  yards,  E. 
lOo  S. ;  coal  mined  from  several  small  breasts,  not  many 
tons  altogether.    It  is  represented  in  Fig.  7. 

Top  Rocks :  Black  Slate 2  feet. 

Crumbly  Shale. 6  feetf) 

Top  coal,  with  three  half  inch  slates 1  foot. 

Main  coal,  solid  bench,  with  occasional  wedges 

of  drab  clay 5  feet. 

Slate  not  taken  up 8  inches. 

Bottom  coal,  bench  not  taken  up 9  inches. 

The  following  analysis  by  Mr.  Persifor  Frazer,  Jun.,  shows  a  superior 
percentage  of  solid  carbon  with  a  minimum  of  ash,  sulphur  and 
water : — 

Carbon  (coke) 79.25  (or  |  of  the  whole.) 

Volatile  substances 17.17  (It  is  therefore  not  a  gas  coal.) 

Ash 3.11  (an  extraordinarly  pure  coal.) 

Sulphur 0.47 

Water 0.55 

Total : 100.55  :  in  which  the  sulphur  has  been 

considered  exclusively  a  constituent  of  the  Ash.  The  specimen  (No.  1) 
was  obtained  from  the  Krieger  bank,  some  distance  back  in  the  gangway, 
and  midway  of  the  bed,  between  the  roof  and  floor,  and  may  be  considered 
a  fair  specimen  of  what  the  bed  will  do  when  mined  on  a  large  scale. 
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A  MAP  SHOWING  THB  TOPOGRAPHICAL  GhARACTBB  OP  THE  ^UTHERN 

PABT  OP  THE  Lands  op  the  Pittsburg  and  Baltimobb  Coal, 
Coke  and  Ibon  Company. 

(Reduced  by  Photolithography,) 
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The  ash  is  remarkably  small— the  coke  very  great  (nearly  fths  of  the 
whole) ;  and  the  gas  no  higher  than  in  Broad  Top  Coal ;  water  and 
sulphur  about  half  of  one  per  cent.  The  small  percentage  of  water  in 
these  coals  is  remarkable. 

The  coal  is  friable  and  comes  out  much  crumbled,  and  will  not  bear 
transportation,  but  makes  a  very  nice  grey  even  coke.  The  crumbling 
shale  roof  will  call  for  very  careful  mining  and  abundant  timbering  to 
keep  the  mine  in  good  order.  But  while  timber  is  abundant  in  the 
district,  longwall  mining  will  let  the  roof  fall  behind  and  afford  plenty  of 
slate  stuff  for  gobbing  up,  where  needful. 

The  Rose  Bank,  opposite  the  mouth  of  Brown's  creek,  facing  south, 
220  feet  above  water ;  shows  six  feet  face  of  coal,  very  good,  except  that 
there  are  a  few  thin  layers  of  slate  in  the  top  bench  of  12  inches,  as  be- 
fore ;  a  coal  of  8  inches  is  said  to  underlie  the  bed,  as  before ;  roof,  again, 
crumbly  shale ;  coal  very  friable ;  it  is  roughly  coked  in  the  open  air  in 
front  of  the  mine  and  makes  good  coke. 

T7ie  Kuhlman  Bank  is  opposite  to  the  Rose,  on  the  west  side  of  the 
valley ;  and  an  old  mine  is  |  mile  farther  west  on  the  same  outcrop,  and 
at  the  same  level,  25  feet  above  the  bed  of  Sander's  run.  Both  are  fallen 
in.  The  people  say  that  the  bed  exhibited  the  same  character  as  on 
Brown's  creek. 

The  bed  has  not  been  fully  opened  at  the  southern  end  of  the  property, 
but  I  see  no  reason  why  it  should  differ  in  quality  or  thickness  here  from 
where  it  is  opened  further  up  the  North  Fork,  since  it  runs  with  remark- 
able regu^rity  of  thickness  and  character  from  the  Krieger  bank .  (up 
Brown's  creek),  to  the  Kuhlman  bank  and  the  old  opening  on  Sander's 
creek,  a  distance  of  two  miles. 

Geologically,  this  bed  is  the  continuation  southward,  into  Maryland,  of 
one  of  the  Freeport  beds  of  the  Alleghany  River  System,  having  a  wide 
extension  through  western  Pennsylvania,  and  usually  furnishing  the  best 
of  coal.  For  want  of  special  instrumental  surveys  in  the  country  south 
of  the  Conemaugh,  it  is  not  now  possible  to  assert  positively  to  which  of 
these  two  Alleghany  River  Coal  beds  the  Six-foot  coal,  in  southern 
Somerset  county,  answers  best.  Our  best  guide,  the  great  lime  rock 
which  underlies  the  upper  of  these  beds,  thins  out  as  it  approaches  the 
Allegheny  Mountain  and  the  Maryland  line.  But  as  we  have  a  dark 
Shale,  with  limestone  nodules,  overlying  our  Six-foot  coal  bed,  and  be- 
neath what  is  probably  the  Mahoning  Sandrock,  in  the  same  position  as 
that  occupied  by  the  upper  of  the  two  Allegheny  River  beds,  the  Six-foot 
coal  would  seem  to  be  the  lower. 

If  a  colliery  were  established  at  the  mouth  of  Brown's  creek,  and 
three  incline  planes  ascended  the  ends  of  Younkin's  hill,  Menard's  hill, 
and  Hyatt's  hill,  then  from  the  tops  of  these  three  planes,  three  main 
entries  would  have  three  unbroken  coal  fields  straight  before  them,  with 
a  rising  coal ;  in  Youngkin's  hill  rising  eastward ;  in  Menard's  hill  rising 
northeastward,  north  northeastward  and  northward ;  and  in  Hyatt's  hill 
rising  west  northwestward.  The  point  is  a  rare  one  for  large  mining 
operations. 
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Vertical  Sections  of  the  Coal  Measukes  near  Ursine,  Somer- 
set County,  Pennsylvania,  by  Franklin  Platt,  Jr. 

(Reduced  by  Pliotolithography,) 


ii    If  %tduUT 


Tho  gangway  entering  Menard's  hill  (at  or  near  the  present  Hose  bank), 
would  command  an  unbroken  area  of  one  and  three  quarter  square  miles 
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of  the  Six-foot  bed,  containing  the  groM  amount  of 10,500,000  tons, 

and  by  tresseling  May's  and  Brown's  creeks  at  their 
upper  parts  where  the  bed  is  near  their  water  level,  mining 
might  be  carried  forward  into  the  Ramsb^rger  and  Krieger 

area,  and  add 1,500,000  tons, 

making  in  all 12,000,000  tons, 

commanded  by  this  gangway. 
The  gangway  at  the  end  of  Hyatt's  hill,  would  command  2,250,000  tons. 
The  gangway  at  the  end  of  Youngkin's  hill  would  com- 
mand  1,500,000  tons. 

The  amount  of  coal  to  be  reached  in  the  easiest  possible  way,  and  con- 
oentrated  at  one  coal  d^pot  at  the  mouth  of  Brown's  creek,  is  therefore 
evidently  larger  than  the  necessities  of  the  largest  collieries  for  an  entire 
generation. 

When  the  main  gangways  become  inconveniently  long,  their  air- ways 
along  the  outcrop  will  afiford  the  most  convenient  outlets  for  slack  and 
waste ;  and  new  gangways  can  enter  any  where,  because  the  drainage  of 
the  mine  will  be  perfect. 

A  fine  colliery  can  also  be  established  at  the  forks  of  Minder's  Greek, 
a  mile  and  a  half  above  its  junction  with  the  North  fork.  Here  the  Six 
Foot  bed  strikes  the  water  level  of  the  run ;  gangways  may  be  driven  in 
horizontally  west,  northwest,  north,  northeast,  and  east,  commanding  an 
entire  square  mile  of  coal  lands,  or  six  million  tons  of  coal.  The  tramroad 
for  such  a  colliery  will  be,  say  1 J  miles  long,  with  a  grade  of  10,  or  be- 
tween 90  and  100  feet  to  the  mile,  which  may  be  lessened  by  judicious 
arrangements.  This  point  has  another  advantage  :  it  will  permit  all  the 
Sander's  Hill  coal  to  come  out,  down  grade.  I  never  saw  a  more  beanti- 
ful  situation  for  a  first  class  colliery  on  bituminous  coal.  Nor  do  I  know 
of  a  better  coal  on  which  to  establish  a  great  coke  trade. 

The  Turkey-foot  is  likely  to  become  a  second  Johnstown,  in  the  way 
of  iron  works,  occupying  precisely  the  same  position,  geographical  and 
geological,  upon  the  Baltimore  and  Pittsburgh  through  railway  line,  which 
Johnstown  occupies  on  the  Philadelphia  and  Pittsburg  through  railway 
line,  as  the  map  on  page  8  will  show ;  and  just  as  Blairsville  and  Con- 
nellsville  occupy  pi*ecisely  analogous  situations,  geological  and  geograph- 
ical, to  each  olher.  At  Ursina,  the  coal  beds,  iron  ores,  limestones- 
occur  in  the  hills  in  the  same  way  that  they  do  at  Johnstown ;  the 
hills  are  of  the  same  shape ;  and  the  minerals  lie  at  the  same  angles 
with  the  horizon,  and  at  similar  heights  above  water  level.  At 
both  places  the  Pittsburgh  and  Green  county  coal  beds  are  absent,  swept 
from  the  tops  of  the  highest  hills.  At  both  places  the  blue  carbonate 
iron  ore  of  No.  XI.  underlies  the  conglomerate  on  the  flank  of  the  moun- 
tain near  the  top.  And  as  Johnstown  gets  brown  hematite  ores  from  the 
limestone  valleys  of  the  Juniata,  and  fossil  ore  from  Frankstown,  and 
Lake  Superior  ore  from  Cleveland,  to  mix  with  the  ores  under  the  coal 
beds  in  its  hills,  so  Ursina  can  get  fossil  ore  and  brown  hematite  from 
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HoBizoKTAL  Sections  of  the  Goal  Measures  near  Ursina,  Somer- 
set County,  Pa.,  by  Franklin  Platt,  Jr. 
{Reduced  by  PTiotoUtJiography,) 
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Cumberland  and  other  points  on  the  Potomac,  and  the  same  Lake  Supe- 
rior ores  via  Pittsburgh,  to  mix  with  same  iron  ores  which  lie  in  the  hill- 
sides of  Castleman's  river  and  Laurel  Hill  Creek. 

Two  other  coal  beds  range  through  the  property.  The  Kittanning  bed 
100  feet  lower  down  the  hillsides  than  the  six  foot;  and  the  Ferriferous 
bed,  nearly  at  water  level.  Two  other  small  seams  of  coal  exist  in  the 
hill  tops,  belonging  to  the  middle  or  upper  part  of  the  Barren  Measures, 
under  the  Pittsburgh  Coal  Bed. 

7 he  Kittanning  Bed  averages  2 J  feet,  and  is  best  opened  at  Ursina. 
This  bed  outcrops  all  around  the  hill  sides,  north  of  Ursina ;  but  goes 
beneath  water  level  of  Minder's  Creek,  two-thirds  of  a  mile  up  from  its 
mouth.    It  outcrops  all  the  way  up  the  North  fork. 

A  thirty  inch  coal  bed  is  oi)ened  at  the  Rush  Bank,  1^  miles  above 
the  mouth  of  Brown's  Creek,  (fig.  1),  25  feet  above  the  water  of  the 
North  fork  (Laurel  Hill  Creek).  This  bed  underlies  the  Six  Foot  about 
100  feet,  and  is  the  Kittanning  coal  bed.  It  shows  30  inches  of  good 
hard  coal,  with  15  inches  over  it  of  slate  mixed  with  thin  coal  seams, 
and  a  roof  of  soft  shales,  requiring  careful  timbering.  Its  floor  is  a  mas- 
sive sandrock,  without  a  particle  of  intervening  fireclay.  The  bed  has  only 
been  stripped  at  its  outcrop  ;  but  yields  cubical  masses  of  very  firm  coal. 
This  is  the  usual  Cannel  and  Block  Coal  bed  of  the  country. 
The  Ferriferous  Bed,  (so  called,  not  because  it  carries,  itself,  any 
iron,  but  because  it  always  comes  into  the  measures  just  above  a  lime- 
stone which  is  called  ferriferous  because  it  carries  on  its  upper  surface 
the  great  iron  ore  deposite  of  north  west  Pennsylvania,  especially  in  Clar- 
ion, Venango  and  Armstrong  Counties),  averages  2^  feet,  and  lies  just 
above  water  level  at  Ursina.  It  sinks  beneath  water  level  going  west, 
down  the  fork.  It  has  been  opened,  also  on  the  property,  at  the  mouth  of 
May's  Creek,  and  at  the  mouth  of  Brown's  Creek,  on  both  banks  of  the 
creek.  On  the  noi*th  bank  25  inches  of  coal  is  visible,  with  a  3  inch  slate 
parting.  On  the  south  bank  20  inches  of  coal,  3  inches  slate,  5  inches  of 
coal;  roof,  2  feet  of  iron-stained  shales  supporting  80  or  40  feet  of  sand- 
stone; floor,  hard  slate ;  under  this,  a  thick  bed  of  flre-cl^y,  containing 
nodules  of  iron  ore;  under  this,  limestone,  said  to  be  18  inches  thick. 

The  bed  is  not  thick,  but  its  quality  of  coal  is  good;  the  mineral  com- 
ing out  in  solid  blocks,  and  apparently  adapted  for  the  iron  manufacture. 
Mr.  Frazer  has  made  two  analyses  of  it,  with  the  following  results  : 

No.  1.  No.  2.  Mean. 

17.12  17.13  17.125 

0.30 

68.20  68  87  68.535 

14.68  14.00  14.34 

Another  specimen  taken  from  the  Widow  Croll'sbank,  near  the  mouth  . 
of  Brown's  Creek,  shows  the  same  character  of  this  lower  coal,  above  thfe 
limestone;  equally  free  from  water  and  sulphur  as  the  Six  Foot  bed;  more 
gas  (equal  to  Alleghany  Mountain  Coal  in  this  particular);  a  large  quan- 
tity of  ash;  and  3-5ths  of  it  coke. 


Volatile  matters  and  water. 

Water  alone 

Fixed  carbon 

Ashes 
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Water 0.55 

Volatile  substances  (Gas) 21.90 

Carbon  (Coke) 60.98 

Sulphur  (in  ash) 0.62 

Ash .15.95 

The  Ferriferous  coal  is  opened  also  at  the  head  of  Smith's  Creek,  on 
both  banks  of  the  creek.  On  the  south  side  a  pile  of  half  burned  lime, 
shows  how  strongly  ferruginous  the  limestone  stratum  is.  On  the  north 
side,  the  outcrop  exposed  by  digging,  shows  two  feet  of  coal,  the  upper 
foot  slaty;  1  foot  of  clay,  with  nodules  of  ore,  in  the  roof;  over  this 
again  1  foot  of  sandstone ;  then  one  foot  of  dark  slate  ;  then  a  heavy 
sandstone.  The  floor  is  a  thick  bed  of  fireclay,  the  upper  3  or  4  feet  beino^ 
closely  filled  with,  nodules  of  iron  ore. 

At  the  base  of  the  Ramsberger  Hill  and  on  Bogg's  Creek,  at  the  north 
end  of  the  property,  this  coal,  and  another  bed  30  feet  below  it,  (see  sec- 
tion fig.  4),  apparently  24  to  36  inches  thick  each,  and  mixed  with 
slate,  occur  again,  and  no  lower  measures  are  visible  anywhere.  The 
conglomerate  at  the  base  of  the  coal  measures  is  just  underneath  them  ; 
the  same  which  may  be  seen  in  the  gap  below  Confluence,  making  a  great 
arch  in  the  mountain. 
The  flre  clay  under  the  ferriferous  coal  is  usually  about  4  feet  thick. 
The  Ferriferous  Limestone  shows  about  18  inches  thick  on  the  east  bank 
of  the  North  fork,  but  its  general  thickness  I  do  not  know.  It  is  the  same 
deposit  which  on  the  Slippery-rock  and  Beaver  River  country  furnishes 
the  soda-lime  for  the  Pittsburgh  works.  On  Smith's  creek  the  farmers 
have  tried  to .  burn  this  limestone  for  use,  but  failed,  and  the  calcined 
fragments  show  that  it  contains  much  iron,  and  may,  therefore,  make 
a  superior  blast  furnace  flux. 

This  bed  underlies  the  country  about  water  level,  and  is  very  con- 
sistent with  the  character  given  above.  At  Ursina  it  shows  the  same 
slate- parting  near  the  bottom,  and  the  same  underlying  beds  of  fii*e 
clay,  iron  ore  and  limestone.  It  will  probably  play  an  important  part 
in  the  future  development  of  the  Turkey  foot  district. 

A  small  (2  inch)  layer  of  nodules  of  iron  ore  occurs  about  65  feet 
above  water  level  at  Ursina,  but  it  is,  of  course,  worthless  at  this  point. 

A  small  coal  bed  outcrops  127  feet  above  the  Six  Foot  bed,  over  the 
Krieger  bank. 

One  of  the  limestones  of  the  upper  part  of  the  barren  measures  comes 
in,  between  475  and  525  feet  above  water  level,  near  the  summit  of  Min- 
der's Hill,  and  extends  through  the  hill  tops  of  the  propei-ty  west  of 
the  North  fork.     It  is  at  least  5  feet  thick,  and  ferruginous. 

About  100  feet  below  this  limestone  is  a  thin  coal  vein,  very  slaty,  and 
good  for  nothing.  There  is  also  a  bed  of  coal-slate  40  feet  under  this  up- 
per limestone. 
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The  analyses  given  above  are  important.  They  oppose  the  law  of  pro- 
gressive hituminisation  westward  of  the  coal  beds. 

That  both  the  6  foot  and  the  3  foot  Ursina  beds,  situated  at  the  western 
limit  of  the  Ist  Bituminous  coal  basin,  should  have  only  17  per  cent,  of 
volatile  matters,— not  more  than  the  coals  of  the  Broad  Top  Region* 
lying  one  hundred  miles  to  the  east  of  Ursina, — is  truly  remarkable. 
The  Broad  Top  beds  are  tilted  and  faulted  abundantly.  The  Somerset 
County  beds  are  almost  perfectly  undisturbed.  The  coal  in  one  gangway 
showed  22  per  cent,  of  volatile  substances.  But  even  this  is  no  greater 
than  the  coals  of  the  summit  of  the  Alleghany  Mountain,  and  the  coals  of 
the  Cumberland  Coal  Region. 

No  proper  scheme  of  the  rates  of  debituminisation  to  casting,  and  to 
disturbancey  can  be  obtained  until  all  the  analyses  of  each  bed  in  the 
series  of  Coal  Measures  shall  be  tabulated  apart  from  the  rest.  We  may 
then  expect  to  learn  something  also  respecting  the  influence  of  specific 
vegetation  upon  the  percentages  of  coke  and  gas. 

But  in  the  outset  one  source  of  error  must  be  guarded  against.  The 
specimens  of  coal  from  which  the  foregoing  analyses  were  made,  were  ob- 
tained in  the  walls  of  old  gangways.  It  is  possible  that  they  had  been 
long  enough  exposed  to  the  air  to  lose  some  of  their  hydro-carbons  by 
spontaneous  evaporation.  The  rate  at  which  this  goes  on  in  coal  mined 
and  exposed  in  heaps,  is  variously  stated  by  those  who  have  investiga- 
ted the  subject. 

Dr.  Richters  made  a  recent  communication  to  a  German  Journal,  in 
which  he  states  his  opinion,  that  the  weathering  of  coal  depends  upon 
its  ability  to  absorb  oxygen,  convertiii<r  the  hydro-carbons  into  water 
and  carbonic  acid.  At  a  heat,  say  of  oT")  F,  only  o  or  6  per  cent,  of  the 
carbon  accepts  oxygen,  the  rest  seems  to  sliow  little  or  no  disposition  to 
affine  with  it.  The  process  is  apparently  dependent  Upon  the  per  cent- 
age  of  hydrogen.  But  with  coal,  cold,  or  at  ordinary  temperature,  the 
oxydation  is  so  slow  as  to  be  imperceptible,  even  after  exposure  for  an 
entire  year.  He  says  moisture  has  no  accelerating  etfect,  unless  pyrites 
is  present  in  quantity.  Pure  coal,  heaped  up  for  nine  months  or  a  year, 
unprotected  by  the  weather  and  not  allowed  to  become  heated,  is  changed 
no  more  than  it  would  be  in  a  perfectly  dry  place. 

Elerr  Grundmann,  of  Tarnowitz,  on  the  other  hand,  has  recently  pub- 
lished elaborate  experiments  proving  the  effects  of  exposure  on  bitumin- 
ous coals  to  be  most  serious.  Coal  which  he  exposed  for  nine  months, 
lost  Jifty  per  cent,  of  its  value  as  fuel.  His  conclusions  excited  such  doubts, 
that  his  experiments  were  repeated,  in  connection  with  Herr  Varrentrapp, 
of  Brunswick,  who  proved,  by  laboratory  experiments,  that  oxydation 
took  place  at  common  temperatures.  Three  months  sufficed  to  rob  coal, 
kept  uniformly  at  140o  C.  (284o  F.)  of  all  its  Carbon,  a  heat  less  than 
that  evolved  in  coal  heaps  exposed  to  the  air. 

Grundmann  proved  that  the  decomposition  was  the  same  in  the  middle 
of  the  heap  as  at  the  surface,  and  reached  its  maximum  about  the  third 
or  fourth  week  ;  that  half  of  the  oxygen  was  absorbed  during  the  first 
fourteen  days  ;  that  a  coal  poor  in  oxygen  absorbs  it  most  rapidly  ;  that 
moisture  is  an  important  condition  ;  that  coals  making,  when  freshly 
mined,  a  firm,  coherent  coke  of  good  quality,  make,  after  even  only 
eleven  days^  exposure,  either  no  coherent  coke  at  all,  or  coherent  coke  of 
quite  inferior  quality.     For  gas  purposes  also,  the  coal  is  greatly  injured. 

It  is  evident  that  these  facts  have  an  important  bearing  on  the  value  of 
the  analyses  given  above. 
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Note  on  the  Titanipbrous  Iron  Orb  Belt,  near  Greensboro,    North 

Carolina. 

By  J.  P.  Lesley. 

{Bead  before  the  American  Philosophical  Society,  June  16,  1871). 

I  embrace  the  oportunity  to  exhibit  the  structure  of  this  interesting 

ore  belt,  afforded  by  a  recent  survey  of  the  lands  through  which  it  runs 

for  thirty  miles;  lands  owned  or  leased,  by  an  association  of  gentlemen, 

known  as  the  North  Carolina  Centre  Iron   and  Manufacturing  Company 

of  Philadelphia,  of  which  Mr.  Thomas  Graham  is  President. 

The  photolithographed  cuts  at  ray  command,  were  reduced  in  fac  sim- 
ile, from  my  drawings,  by  Bien's  process,  and  are  sufficiently  clear  to  ex- 

FlG.  1. 
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hibit  so  much  of  the  geology  of  the  country  as  is  necessary  to  the  right 
clasBiflcation  of  the  ores  in  question.     The  chief  interest  which  the  ores 
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have  for  us,  comes  from  the  analyses  given  below.  But  the  relations  which 
these  ores  bear  to  other  ores  of  similar  composition,  cannot  be  under- 
stood without  a  general  description  of  the  district. 

Fig.  1,  will  inform  those  who  are  not  acquainted  with  American  geo- 
graphy, of  the  geographical  relationship  of  the  Greensboro  district  to  the 
Atlantic  sea-board  and  to  the  Blue  Ridge  Range  of  Primary  mountains. 

The  two  Triassic  belts  containing  coal  appear  on  this  map  ;  the  eastern 
including  the  Richmond  Goal  Basin  and  that  of  Deep  River ;  the  western 
that  of  Dan  River,  prolonged  northward  across  the  James  River  below 
Lynchburg,  and  originally  connected  with  the  continuous  out-spread  of 
the  Trias  in  Maryland,  Pennsylvania,  New  Jersey,  and  the  Gonnecticut 
Valley. 

Fig.  2  gives,  on  a  larger  scale,  the  position  of  the  ore-belt  in  Guilford 
and  Rockingham  Gounties,  N.  G.,  and  the  radiation  of  railways,  already 
running,  or  under  survey,  from  Greensboro. 

Fig.  2. 
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Figi  8  is  a  special  map  of  the  ore-belt  where  it  passes  the  Tuscarora 
forges,  and  has  been  most  thoroiig1i)y  tested,  lleiie  is  the  Sergeant  shaft. 
The  accompany mg  section  will  be  of  usei  as  it  furnishes  a  carefully 
measured  example  of  the  numerous  hill  slopes  which  compose  the  surface 
of  the  country^ 


■        -    ■     I  f 
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Figs.  4  and  5  continue  the  mapping  of  the  ore-belt  on  to  the  head- waters 
of  Deep  River,  to  the  south we&t ;  and  to  the  noitheaat  as  far  as  the  Haw 
River,  The  general  straight ness  of  the  outcrop  for  15  miles,  and  more,  is 
remarkable.     The  whole  length  surveyed  was  about  30  miles. 

This  part  of  Korth  Carolina  is  occupied  by  some  of  the  oldest  rocks 
knowtt  ;  the  same  rocks  which  hold  the  iron  ore-beds  of  Harford  Co., 
Md»,  and  Chester  Co.,  Pa.^  and  the  gold  ores  of  Georgia,  North  Carolina, 
Yirginia,  and  Canada.  The  gold  mines  of  Guilford  Co,,  N.  C,  are  opened 
alongside  of,  and  not  more  than  ten  or  twelve  miles  distant  from,  the 
Tuscarora  iron  ore-belt.  See  figure  %  above.  Both  the  gold  and  iron 
range  contimiously  with  the  exception  of  one  break,  in  New  Jersey, 
from  Quebec^  in  Canada,  to  Montgomery^  in  Alabama.  The  gold 
and  iron-bearing  rocks  are ;  granites,  gneissoid  sandstones,  and  mica  slates, 
aU  very  much  weathered  and  decomposed  ;  and  that  to  a  depth  of  many 
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Fig,  B. 
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fathoms  beneath  the  present  surface.  The  solid  granites  are  decomposed 
least ;  the  mica  slates  most.  All  contain  iron,  which  has  been  peroxidised 
and  hydrated,  in  the  process  of  decomposition  of  the  whole  formation, 
and  dyes  the  country  soil  with  a  deep  red  tint.  Or,  more  properly 
speaking,  the  surface  of  the  whole  country  is  streaked  ¥rith  belts  of  red 
and  gray  soil,  following  the  outcrops  of  the  more  weathered  and  the  less 
weathered  beds.  But,  even  in  the  gi*ay  belts,  the  solid  granite,  or  gneiss, 
or  sand-rock,  seldom  appears  at  the  surface,  although  outcrops  of  them 
can  here  and  there  be  found ;  and  a  number  of  these  outcrops  are  desig- 
nated upon  the  map,  close  to,  and  on  each  side  of,  the  Tuscarora  ore-belt 
outcrop.  The  surface  of  the  country,  therefore,  is  a  smooth,  soft,  undu- 
lating plain,  broken  by  gentle  vales,  the  bottoms  of  which  are  never  more 
than  one  hundred  feet  below  the  plain,  and  commonly  not  more  than  half 
that  depth.  The  roads  show  how  readily  the  rock  soil  absorbs  water  and 
dries  off  again.  The  soft,  mouldered  condition  of  all  the  rock  strata,  to 
depths  of  50  or  100  feet,  is  therefore  easily  understood.  But  the  rapidity 
with  which  the  erosion  of  the  land  goes  on  is  surprising.  An  old  bridge, 
built  a  century  ago,  over  a  stream  near  the  Quaker  Meeting  House,  and 
of  course  several  feet  above  the  water,  is  now  buried  to  a  depth  of  6  feet 
beneath  the  surface  of  its  little  meadow. 

Two  general  results  follow  from  this  universal  ancient  rainwater  decom- 
position of  the  surface  of  the  country,  to  the  depth  of  the  deep  valley  drain- 
age plane : — 

1.  All  sulphur,  &c.,  has  been  washed  out  of  the  ore- beds,  leaving  the 
ore  remarkably  pure.  Whether  the  ore-beds,  when  followed  down  for 
hundreds  of  feet  or  yards  into  the  earth,  will  be  found  to  keep  a  notable 
percentage  of  «ulphur,  cannot  now  be  known.    But,  whatever  sulphur 

.  was  originally  combined  with  the  iron,  has  been  removed  from  the  upt>er 
parts  of  the  beds. 

2.  The  decomposition  of  the  rock  strata,  which  inclose  the  ore-beds, 
has  weakened  them  so  that  extra  care  must  be  bestowed  upon  all  shafts 
and  tunnels  sunk  or  driven  to  win  the  ore,  to  keep  them  safe  for  mining 
operations.  When  the  more  solid  strata,  at  various  depths  beneath  the 
surface,  are  reached,  mining  operations  will  be  as  simple  and  safe  as  in 
any  other  region. 

The  hills  being  never  more  than  about  one  hundred  feet  above  the  valley- 
bottoms,  the  ore-beds  can  be  mined  by  horizontal  self-draining  adits,  or 
tunnels,  only  at  well  selected  points.  But,  seeing  that  tlie  ore-beds  run 
in  straight  lines  for  long  distances,  a  large  quantity  of  ore  can  be  thus 
taken  out,  for  some  years  to  come. 

The  belt  of  outcrop  of  ore-bearing  rocks  has  a  uniform  breadth  of  sev- 
eral hundred  yards,  and,  I  believe,  a  uniform  dip  towards  the  northwest, 
or  north-northwest ;  although  there  are  appearances  (to  be  stated  in  de- 
tail hereafter)  which  would  lead  the  casual  spectator  to  conclude  that  the 
outcrop  was  double,  and  not  single ;  that  is,  that  the  belt  is  synclinal,  the 
ore-beds  descending  from  the  southeast  side,  downwards,  northwestward 
to  a  certain  depth,  and  then  rising  again  to  the  smiace.     But  the  general 
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considerations  against  this  view  are  so  strong,  that  I  reject  it  without  much 
hesitation  ;  and  I  give  my  reasons  further  on. 

The  map,  however,  shows  another  ore  belt  ininning  nearly  parallel  with 
the  Tuscarora  Forge  Outcrop,  and  at  a  distance  of  three  miles  from  it. 
This  is  called  the  Highfield,  or  Shaw  Outcrop.  Beyond  the  Haw  River 
these  two  belts  approach  each  other,  and  are  believed  to  unite  in  Rocking- 
ham County.  This,  and  other  considerations,  make  it  almost  certain  that 
the  Shaw  belt  is  the  Northwest  outcrop  of  a  synclinal  basin,  three  miles 
wide,  and  that  the  Tuscarora  Belt  is  the  Southeast  outcrop.  If  so,  the 
Tuscarora  ore  beds  descend,  with  a  N.  W.  dip,  to  a  depth  of  a  mile  beneath 
the  surface,  and  then  rise  again  as  the  ore  beds  at  Highfield  and  Shaw's ; 
thus: 

Fig.  6. 


"Puxckt-ri.  1% 


Many  of  the  outcropping  ore-beds  are,  to  all  appearance,  vertical;  others 
dip  irregularly,  some  southeast,  others  northwest ;  some  steeply,  others 
gently.  But  all  these  are  extremely  local  variations,  confined  to  a  few 
feefc  or  yards  of  depth,  and  will  not  invalidate  the  general  unitbrmity  of 
northwest  dip  of  the  whole  Tuscarora  Belt,  &nd  southeast  dip  of  the 
whole  Shaw  Belt. 

The  follo¥rinfi:  section  of  beds  on  (fig.  7)  the  Widow  McOuisten  plantation 
(14 — 15  miles),  in  a  trench  cut  at  right  angles  to  the  outcrop,  50  feet  long, 
and  from  4  to  8  feet  deep,  will  illustrate  these  irregularities  : — 

Fia.  7. 


R^7       v^     H 

Similar  irregularities  are  noticeable  everywhere.  The  miners  say  that 
the  pitch  of  the  outcrop  of  the  ore-bed  worked  in  the  Sergeant  Tunnel  and 
Shaft  (9)  was  southeast  for  some  distance  down,  after  which  it  took  its 
regular  northwest  dip,  such  as  it  now  has  in  the  shaft  and  tunnel  at  a 
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depth  of  100  feet.  Besides  which,  there  are  in  fact  two  beds  cut  in  this 
shaft^tunnel,  the  smaller  bed  underlying  the  other,  and  with  a  dip  which 
would  carry  the  two  beds  together  at  some  distance  beneath  the  floor. 


These  ore-beds  are  not  ore-veins ;  for  they  do  not  cut  through  the  rocks 
crosswise.  They  have  no  well  defined  walls ;  they  have  no  selvages ;  there 
is  no  gangue-rock  different  from  the  rocks  on  each  side  ;  they  have,  there- 
fore, not  been  formed  in  crevices  subsequently  in  a  later  age  after  the 
uptilting  of  the  formation  ;  they  have  neither  been  ejected  volcanically 
from  below,  nor  infiltrated  aqucously  from  above,  nor  secreted  cheniically 
from  the  wall  rocks  ;  in  a  word  they  are  not  at  all  "veins."  On  the  con- 
trary they  are  "beds ;"  beds  deposited,  like  the  rest  of  the  rocks,  in  water ; 
deposited  in  the  same  age  with  the  rocks  which  hold  them ;  are  in  fact 
rock-deposites  highly  charged  with  iron ;  and  they  differ  from  the  rest  of 
the  rocks  of  the  foimation  in  no  respect,  excepting  this :  that  they  are 
more  higJUy  charged  mth  iron.  I  can  b^t  represent  the  facts  of  the  case 
by  an  ideal  diagram  of  the  rocks  of  the  ore-belt  in  their  original  horizontal 
position,  somewhat  thus : 

Fia.  9. 


In  fact  all  our  primary  (magnetic  and  othet)  iron-ore  beds  obey  this  law. 
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They  are  merely  certain  strata  cousistiDg  more  or  less  completely  of  per- 
oxide of  iron,  with  more  or  less  intermixtare  of  mud  and  sand, 
which,  when  crystalized,  fell  into  the  shape  of  feldspar,  hornblende,  mica, 
quartz,  etc.,  etc. 

To  show  that  this  is  not  mere  theory,  but  actual  flact,  I  compare  here 
the  section  of  magnetic  iron-ore  beds  worked  out  on  Durham  Creek, 
near  Easton,  Pennsylvania,  a  map  and  sections  of  which  can  be  seen 
by  reference  to  W.  Brook's  part  of  the  New  Jersey  Geological  Re- 
port, by  Prof.  Cook,  1868,  page  332,  and  given  in  Fig.  10. 


?i{(0. 


Fig.  10. 
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It  follows  then  from  the  above  mentioned  facts : 

1.  That  ilhe  Number  of  Ore  beds  in  such  a  formation  cannot  bd 
stated.  A  large  number  of  rock  strata  will  become  ore-beds  locally.  But 
there  will  always  be  a  particular  part  of  the  formation  more  generally 
and  extensively  charged  with  great  quantities  (or  a  high  percentage)  of 
iron  than  the  rest.  In  other  words,  the  iron  of  the  formation  as  a  whole 
is  concentrated  along  one  or  more  lines.  This  is  evidently  the  case  with 
the  Tuscarora  Ore  Belt,  as  is  shown  by  the  almost  perfect  straightness  of 
the  outcrop  of  the  Sergeant  Shaft  ore-bed,  where  its  outcrop  has  been 
opened  for  half  a  mile  northeast  of  the  shaft.  There  are  two  principal 
beds  cropping  out  on  the  Teague  plantation,  at  the  (southwest  end  of  the 
belt),  both  vertical,  and  about  300  yards  asunder,  thus :  Fig.  11. 


Fia.  11. 
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Another  instance  occurs  on  the  Trueblood  plantation  (12  miles),  Where 
the  two  ore-beds  appear  to  be  only  about  200  yards  apart  at  their  outcrops, 
and  seem  to  dip  diflferent  ways,  which  I  explain  by  reference  to  the  false 
Burfaoe-dip  of  the  Sergeant  Shaft  bed.  The  Trueblood  section  is  as 
follows: 
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Fig.  12. 
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Fig.  12a. 
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But  nowhere  do  the  number  and  irregularity  of  the  ore-beds  show 
more  plainly  than  in  the  openings  made  on  the  Shaw  range,  a^d  Shaw 
plantation,  as  will  be  seen  by  the  plans  and  sections  of  the  old  revolutionary 
diggings,  and  the  late  shafts  and  trial  trenches  opened  on  that  property,  as 
given  in  Fig.  13,  etci,  further  on. 

On  this  Shaw  Plantation,  where  three  or  four  distinct  and  parsJlel  beds 
have  been  opened,  as  seen  in  the  preceding  chart  and  diagrams,  the  di- 
rection of  the  bed  changes  somewhat,  being  N.  30°  to  35^  E.,  at  the  "Old 
Bevolutionary  Pits,*'  and  more  nearly  easterly  at  the  openings  recently 
made  by  the  Company.  The  whole  course  tested  amounts  to  over  half 
a  mile.  The  beds  at  the  outcrops  vary  in  thickness  from  one  to  six  feet. 
At  c"  the  ore-bed  is  full  6  feet  across  solid  ore — a  very  green,  chloritic, 
mica-slate  rock-ore.  In  this  run  of  800  yards,  there  are,  apparently^ 
two  hundred  tTiousand  tons  above  water-level^  in  the  one  six- foot  bed. 
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The  ore  is  good.  The  outcrop  runs  along  the  top  of  a  hill,  ahout  one 
hundred  feet  ahove  the  bottom  of  the  Haw  Kiver  Valley,  and  can  be 
tunnelled  into  at  that  depth.    There  are   apparent  variations  in  the 


Figs.  13, 14, 16, 16. 
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dip,  some  of  the  outcrops  seeminpr  to  be  vertical,  whereas  the  principal 
part  of  the  mining  has  already  shown  a  distinct  dip  towards  tiie  south- 
east and  south.     In  pit /of  the  chart,  the  dip  seems  to  be  scarcely  40^. 
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The  Highfield  outcrop  shows  that  the  ore  beds  lie  in  this  Shaw  range, 
at  a  much  gentler  angle  than  in  the  Tuscarora  range  ;  thus : — 

Fig.  14. 


The  distribution  of  pieces  of  ore  over  wide  sections  of  the  outcrop  of 
the  ore-belt,  is  a  notable  thing.  Along  certain  narrow  lines  inside 
the  belt,  are  to  be  seen  multitudes  of  fragments  lying  on  the  ground, 
which  have  been  left  behind  when  the  rest  of  the  rock  has  been  mould- 
ered and  washed  away.  And  sometimes  these  fragments  are  a  foot  or 
more  in  diameter,  although  commonly  smaller.  Formerly,  the  ground 
was  abundantly  covered  with  them,  but  they  were  the  first  ore  sought 
and  used,  and  most  of  the  large  pieces  and  patches  have  disappeared  du- 
ring the  war  years  of  1861,  '2,  '3  and  '4. 

Large  pieces  on  the  surface  are  the  best  evidence  we  can  possess  (in  the 
case  of  unexplored  ground)  that  the  beds  are  of  a  good  size,  for  they 
have  come  from  those  portions  of  the  beds  (a,b,  c,  &c.,  in  the  accompa- 
nying diagram,  (fig.  15),  which  have  been  destroyed  in  the  general  lowering 
of  the  surface  of  the  country.  There  is  no  reason  why  the  parts  of  the 
beds  left  under  the  present  surface  (a',  b',  c',  &o.),  should  not  yield  as 
large  masses  as  the  parts  a,  b,  c,  which  have  been  mouldei*ed  away. 

2.  Tht  Size  of  the  Ore  Beds  varies  as  much  as  their  number.  They  con- 
sist of  strings  of  lens-shaped  masses,  continually  enlarging  and  contract- 
ing in  thickness,  from  a  few  inches  to  six  and  eight  feet.  The  principal 
beds  may  be  safely  estimated  on  an  average  of  four  feet,  or  176,000  tons 
to  the  mile,  with  an  averajje  breasting  of  60  feet  above  water  level.  It  is 
needless  to  say  that  an  equal  amount  would  exist  beneath  water-level, 
for  every  sixty  feet  sunk  on  the  bed. 

3.  The  Quality  of  the  Ore. — It  belongs  to  the  family  of  the  Primary  Ores. 
It  is  very  similar  to  the  New  Jersey  ores  which   are  so  extensively 
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mined  for  the  furnaces  on  the  Lehigh  river.  It  is^a  mixture  of  magnetic 
crystals,  and  specular  plates  of  sesquiozide  of  iron,  with  quartz,  feldspar 
and  mica,  in  a  thousand  varying  proportions.    Sometimes  the  bed  will  be 

Fig.  15. 

'^ 


composed  of  heavy,  tight,  massive  magnetite  (or  titaniferous  magnetite), 
with  very  little  quartz,  &c.  At  other  tiroes  the  bed  will  be  composed  of 
a  loose,  half-decomposed  mica  slate,  or  gneiss  rock,  full  of  scattered  crys- 
tals of  magnetic  iron. 

The  ore  is,  in  fact,  a  decomposible  gneiss  rock,  with  a  varying  per  cent- 
age  of  titaniferous  magnetic  and  specular  iron  ore,  sometimes  forming 
half  the  mass,  and  sometimes  constituting  almost  the  whole  of  it. 

The  compact  varieties  will  yield  between  50  and  60  per  cent,  of  pure 
iron,  as  in  the  case  of  the  ore  now  being  mined  in  the  Sergeant  Shaft, 
near  the  Forges.     Mr.  Frazer's  analysis  of  this  ore  is  as  follows  : 

iSagnetic  oxide 73.56 [Ii;on 53.27  p,  c] 

Titanic  acid 18.58 [Titanium 6.63  p.  c] 

Residuum  of  quartz,  &c 12.86 — with  a  trace  of  sulphur. 

The  specimen  was  obtained  from  the  tunnel,  a  hundred  feet  beneath 
the  surface,  and  shows  an  intimate  mixture  of  crystalline  titanic  ore, 
roagnesian  mica,  a  little  hornblende,  a  }ittle  labradorite,  and  a  little  spec- 
ular iron. 

This  kind  is  difficult  to  smelt  in  the  high-stack  blast-furnace ;  but 
makes  the  best  iron  in  the  world  when  smelted  in  the  Catalan  forge  ;  and 
is  of  great  value  for  the  lining  of  puddling  furnaces.  It  serves  the  same 
purpose  as  the  Lake  Superior  ore,  which  is  brought  in  large  quantities  to 
Pittsburgh,  and  the  surrounding  district  of  Eastern  Ohio  and  Western 
Pennsylvania,  for  lining  puddling  furnaces,  and  to  mix  with  poorer  ores 
in  the  blast-furnaces.  Formerly,  in  the  E.  Ohio  Mahoning  district,  the 
mixture  was :  one-fourth  Lake  Superior,  one-half  coal  measure  ore,  and 
one-fourth  mill  cinders.  Since  the  organization  of  the  Lake  Superior 
Iron  Ore  Trade,  sufficient  quantities  come  forward  to  enable  the  iron 
masters  to  mix  one-half  Lake  Superior.  The  Sharon  Furnace  on  the  Beaver 
river  runs  wholly  upon  Block  Coal  and  Lake  Superior  Ore.  The  titan- 
iferous magnetic  ores  of  the  Ottawa  region,  in  Canada,  are  also  brought 
by  a  long  and  expensive  route  .to  Pittsburgh,  to  mix  with  Pennsylvania 
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ores.  These  Canada  ores  are  of  the  same  geological  age,  and  of  the  same 
mineral  character,  as  the  Tuscarora  ores  under  consideration. 

Trial  of  the  ore  has  been  made  by  Mr.  Nathan  Rowland,  at  his  works 
in  Kensington,  Philadelphia.  Five  tons  were  forwarded  for  trial  as  lining 
to  puddling  furnaces.  Mr.  Rowland  expressed  his  opinion  that  it  stood 
up  three  times  as  long  as  the  Champlain  ore,  which  he  uses  for  that  pur- 
pose. The  difiference  is  due  to  the  superior  compactness  of  titaniferous 
magnetite  over  that  of  pure  crystalline  magnetite. 

I  have  said  above,  that  the  Tuscarora  ores  are  essentially  like  those  of 
Northern  New  Jersey.  I  referred  to  their  age,  situation,  consistency, 
and  general  composition.  But  they  have  a  peculiarity  ;  they  hold  a  no- 
table per  centage  of  titanic  acid.  The  New  Jersey  ores  seldom  possess 
this  property,  and,  in  any  case,  only  in  a  low  degree.  The  Canada  ores, 
and  the  ores  of  South  Sweden,  hold  large  quantities  of  titanic  acid ;  even 
as  much,  sometimes,  as  between  30  and  40  per  cent.  A  small — a  very 
minute— quantity  of  titanium  in  pig-iron  is  believed  to  add  greatly  to 
its  value,  increasing  its  hardness  and  firmness,  and  its  ability  to  stand 
wear.  The  Canadian  ores  were  introduced  to  the  Pittsburgh  iron  works 
for  this  end.  But,  seeing  that  almost  all  the  titanic  acid  in  any  iron  ore 
passes  ofif  in  the  slag,  leaving  a  very  small  quantity  to  unite  with  the  pig 
metal  (sometimes  in  scattered  crystals),  it  follows,  that  ores,  which  have 
an  excessive  quantity  of  titanic  acid,  caunot  afford  a  high  per  centage  of 
pig  metal.  It  is  much  better  to  have  an  extra  20  per  cent,  of  silex  and 
alumina,  potash  or  lime,  in  the  ore,  than  an  extra  20  per  cent,  of  titanic 
acid  ;  for  these  will  make  the  ore  easy  to  smelt,  whereas  the  titanic  acid 
makes  it  difficult  to  smelt ;  requiring  a  much  higher  heat  in  the  stack  to 
decompose  than  does  oxide  of  iron. 

There  is  no  question  that  titanium  in  iron  ore  favors  the  production 
of  iron  peculiarly  suited  to  conversion  into  steel.  The  English  steel  trade 
has  always  largely  depended  on  Swedish  iron  ^  and  I  believe  that  the 
titaniferous  ores  of  the  United  States  (and  they  are  far  from  abundant,) 
will  become  annually  more  and  more  valuable,  on  account  of  the  increas- 
ing demand  for  the  best  iron  for  steel-making  purposes.  If  these  ores  were 
smelted  in  large  quantities  in  first-class  anthracite  furnaces,  I  do  not 
think  this  particular  value  would  appear ;  the  small  Swedish  blast  fur- 
nace must  be  used,  or  the  Catalan  forge. 

Although  the  action  of  titanium  upon  iron  in  metallurgy  is  an  obscure 
subject,  something  is  known  of  it  by  actual  experience. 

J.  H.  Alexander,  of  Baltimore,  in  his  report  on  the  Manufacture  of 
Iron,  gives  'analyses  of  certain  cinders,  among  which  is  one  obtained  in 
the  smelting  of  a  primary  iron  ore,  containing,  he  says,  11  (eleven)  per 
cent,  titanic  acid:  the  analysis  is  as  follows: — 

Silica .31.1         Oxide  of  Titanium 9.0 

Magnesia 34.2        Protox.  manganese 4.4 

Lime 14.1        Protox.  Iron 1.0 

Alumina 8.9 

The  ore,  he  says,  was  hard  to  smelt,  and  the  pig-iron  hard  to  work,  but 
when  properly  made,  is  peculiarly  adapted  to  the  manufacture  of  steel. 
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The  explanation  is  as  follows:— Titanic  acid  will  not  combine  readily 
with  either  the  acid  or  the  alkaline  oxides.  In  every  ton  of  ore  (holding 
10  per  cent,  of  it)  320  lbs.  of  this  neutral  stuff  exists,  or  (IJ  tons  of  ore 
to  1  ton  of  iron)  830  lbs.  of  it  in  every  ton  of  iron.  If  only  1-10  of  this 
(or  83  lbs.)  remains  in  the  furnace,  the  gradual  accumulation  blocks  it 
up.  The  only  solvent  of  it  are  the  double  silicates  of  iron  and  lime,  or 
iron  and  alumina  and  lime,  or  iron  and  potash  and  lime,  &c.  To  make 
these  double  silicates,  we  must  waste  a  good  deal  of  iron.  But  the  one 
object  of  the  blast  furnace  is  to  8ai)e  all  the  iron,  and  the  best  cinder  is 
that  which  has  no  iron  left  in  it,  all  the  iron  of  the  burden  having  gone 
down  into  the  hearth  as  pure  metal  (with  enough  carbon  to  make  it  fusi- 
ble). The  Catalan  forge,  on  the  contrary,  wastes  iron,  and  its  cinders 
are  so  rich  in  iron,  that  they  are  often  worked  over  again  ;  hence,  titanid 
acid  is  carried  off,  and  does  not  obstruct  the  hearth.  The  forge  fire  is, 
therefore,  the  best  to  reduce  titaniferous  iron  ores.  But  the  blast  fur- 
nace can  smelt  them  also,  if  the  heat  be  kept  low,  and  some  of  the  iron 
be  allowed  to  go  to  waste  in  the  cinders,  to  carry  off  the  titanic  acid  and 
cinder  mass.  The  object  then,  must  be  to  make  the  utmost  quantity  of 
the  most  fusible  cinder;  therefore,  a  blast  furnace  running  on  titaniferous 
ores,  should  not  be  fluxed  by  pure  limestone,  pure  clay,  or  pure  sand,  but 
with  ferruginous  clay,  ferruginous  slate,  or  ferruginous  limestone.  These 
fluxes  will  dissolve  titanic  acid  at  a  low  heat.  To  get  gray  pig  iron,  the 
cinder  must  be  abundant ;  to  get  white  forge  metal,  but  little  flux  is  need- 
ed in  comparison,  the  ore  itself  being  wasted  to  form  cinder.  This  white 
iron  with  a  large  amount  of  carbon  in  it,  is  just  the  metal  from  which 
German  steel  is  manufactured.  A  high  stack  and  a  small  hearth,  like  the 
Styrian  furnaces,  and  ferruginous  fluxes,  are  the  best  for  titaniferous  ores. 
Osborne  says  (page  475),  that  Mr.  Henderson  writes  him  that  the  Nor- 
wegian ores  are  successfully  used  at  Norton,  England,  on  a  plan  invented 
by  John  Player,  although  they  contain  (by  one  anlaysis) 

Titanic  acid 40.95 

Perox,  iron 22.63);..  ^o 

Protox.  iron 28.96  f  ^^'^^ 

Magnesia 4.72 1 

Alumina 2.11  1  „  q^ 

Silica 42  f ^'^^ 


Protox.  mang 56 J  "lOoTs 

being  smelted  in  small  furnaces  with  lOOO^F  temperature  of  blast,  2 
tons  of  coal  to  2J  tons  of  ore,  15  cwt.  of  limestone,  10  cwt.  basalt  rock. 

**The  iron  becomes  titanized,  and  is  found  to  be  exceedingly  strong, 
and  is  used  in  Europe  for  armor  plates,  commanding  three  times  the  price 
of  ordinary  pig  iron.  The  tensile  strength  of  the  resulting  wrought 
iron,  when  puddled,  is  about  52J  tons  to  the  square  inch.  There  is  very 
little  carbon  in  the  pig-metal  produced,  and  being  almost  steel,  in  puddling 
it  requires  but  half  the  time  of  ordinary  pig  metal." 

MuchaVs  Steel  is  a  tv$anic  iron,  with  the  peculiarity  of  being  sufficiently 
hard  after  being  heated  red  hot  and  forged,   not  to  require  tempering, 
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but  is  comparatively  brittle.  Its  color  is  not  white,  but  has  a  tinge  of 
straw  color  light  brown. 

The  lighter  and  looser  varieties  of  the  Tuscarora  ores  have  a  lower  per 
centage  of  iron  in  them,  but  will  work  more  kindly  in  the  blast-furnace. 
I  had  Mr.  Frazer  make  me  an  analysis  of  a  piece  of  outcrop  ore  from  the 
Hlghfield  plantation.  It  gave  :  Magnetic  oxide,  44.58  Tmetallic  iron, 
82.25].  These  varieties  make  equally  good  iron,  and  iron  as  well  adapted 
to  the  manufacture  of  steel. 

The  hard  and  soft  varieties  of  ore  occur  often  within  a  few  hundred 
yards  of  each  other  ;  as,  for  example,  on  the  Widow  McCristen's  planta- 
tion (14-15  miles),  where  the  soft  outcrops  are  seen  on  the  hill  opposite 
the  house,  and  the  hard  ore  lies  in  large  chunks  on  the  hill,  south  of  the 
swamp.  I  append  Dr.  Genth's  analysis  of  specimens  from  the  two  places, 
made  at  my  request : 

1.  Massive  ore  from  Mrs.  McCristen's  Plantation.  The  analysis  was 
so  unexpected  in  its  character,  that  Dr.  Genth  suspected  some  error,  and 
repeated  it,  but  with  the  same  result.  The  small  amount  of  titanium 
shows  the  varying  nature  of  the  deposits.  The  percentage  of  iron  is  also 
low  for  this  kind  of  ore  : 

Iron 38.97  p.  c. 

Titanium 1.60      [—2.63  p.  c.  titanic  acid.] 

Ratio  of  Titanium  to  Iron 1 :  21.24. 

2.  Soft  micacious  ore  from  the  same  locality.  The  high  per  centage  of 
both  iron  and  titanium  in  this  ore  was  equally  unexpected,  and  was  veiy 
gratifying  ;  for  it  will  be  seen  from  fig.  7,  on  page  17,  that  there  is  a 
total  breadth  of  ten  feet  to  this  outcrop,  in  a  space  of  twenty-seven.  If 
any  of  the  beds  unite  descending,  the  yield  of  ore  will  be  great. 

Iron 48.47  p.  c. 

Titanium 9.79     [=16,06  p.  c.  of  titanic  acid.] 

Ratio  of  Titanium  to  Iron 1 :  4.44. 

It  is  made  known  by  the  Canadian  geologists  that  the  constituents  of 
some  of  these  primary  ores  are  combined  in  such  a  way  as  to  approximate 
the  rock  to  a  diorite,  or  green-stone  trap.  Now,  such  a  rock  is  seen  on 
several  of  the  Company's  leases  ;  and  especially  on  the  Shaw,  and  other 
plantations  two  miles  southeast  of  it.  Sometimes  the  ore-bed  itself  be- 
come dioritic. 
It  will  not  be  amiss  to  add  other  analysis  of  these  Ores. 
Ore  Analysis,  by  F.  A.  Oenth,  in  1868. 

Magnetic  oxide 79.78  —  iron 57.77 

Titanic  acid 12.08 

Oxide  manganese. 0.28 

Chrome  oxide  (trace  of  Vanadium) 0.32 

Silicic  acid 0.75 

Alumina ,   4.62 

Magnesia 2.04 

Lime ,    0.13, 
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Ore  AnalysiSi  by  J,  B.  Britton,  June  3,  1868. 

Iron  (protoxide)  iron 21.20     +     (peroxide) 39.40  —  60. 60 

Oxygen,  with  tlie  iron  in  said  60.60 23.67 

Mixed  Sesquioxide,  magnetic,  &c 84.27 

(  Titanic  Acid 4.95 

(  Containing  other  insoluble  matter 3.25 

Alumina 4.81 

Lime 0. 24 

Moisture 1.66 

No  phosphorus,  and  a  doubtful  trace  of  sulphur. 

Note. — I  have  changed  the  order  and  wording  of  this  analysis,  to  suit 
the  others  for  comparison. 

Ore  Analysis  by  C.  Elton  Buck,  Wilmington,  Del,  Oct.  31,  1868. 

Magnetic  Oxide  of  iron 82.68    [—Iron  59.95] 

Titanic  Acid 8.72 

Ox.  mang 0.42.     Sesq.  ox.  chrom ;  .0.40  0.82 

Silica 1.89 

Alumina 3.93 

Lime 0.17 

Magnesia 1.36 

Another,  June,  1869. 

Magnet  ox.  iron "... .81.30     [—Iron  58.52] 

Titanic  Acid 12.32 

Ox.  Mang.  and  Ox.  Chromium,  and  Sulphur traces. 

Silica 1.04 

Alumina 3.87 

Lime 0.64 

Magnesia 0.49 

No  phosphorus 

Moisture  and  loss 0.34 

Ore  Analysis,  by  A.  A,  Fesquit,  Ncd,  12,  1868. 

Metallic  iron • 60.41 

Titanic  acid 8.65 

Sesq.  ox.  Chrom 0.83  )  q  gg 

Sesq.  ox.  Manganese 0.12  j 

Silica. 1.50 

Alum 2.90 

Magnes 2.02 

Lime 0.75 

No  trace  of  Sulphur. 

A  mere  trace  of  Phosphorus. 

Analysis  made  by  pulverizing  several  hand  specimens,  and  mixing  them 
first,  to  obtain  an  avera&:e  result. 
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79.14 


Ore  Analysis,  by  A.  A,  Fesquet,  July  6,  1869. 

Specimen  highly  magnetic,  and  almost  without  moisture. 

Metallic  iron  in  combination  with 57.30 ) 

Oxygen  (calculated  for  peroxide) 21.84 ) 

Titanic  Acid : 13.74 

SiHca 0.52 

Alumina 4.50 

Magnes 0.54 

Lime 0.72 

Sesq.  Mang 0.69 

Trace  of  Chromium. 

No  sulphur  ;  no  phosphorus. 

Ochre  Analysis,  by  A.  Fesquet,  1869. 

Sesqui.  ox.  Iron 19.43    [containing  met.  iron  13.60] 

Silica 34.12 

Alumina 33.21 

Water,  &c.,  &c 13.24 

In  this  ochre,  which  forms  large  beds  on  the  outcrops  of  the  more  fer- 
ruginous feldspathic  rocks,  one  has  a  superior  flux  for  any  heavy  burden 
ore,  especially  for  a  close  titaniferous  ore.  The  ochre  must  become  a  fluid 
double  silicate,  without  robbing  the  ore,  and  will  carry  olf  the  titanic  acid 
in  excess. 

One  of  the  constituent  elements  of  the  whole  formation  is  Ochre,  in 
beds  of  various  sizes.  What  the  exact  geological  relationship  of  these 
ochre  beds  to  the  magnetic  ore-beds  is,  I  do  not  know.  But  the  ochre 
outcrops  seem  to  be  always  in  the  immediate  vicinity  of  the  ore-beds. 
The  largest  exhibition  of  ochre  which  I  saw  is  ou  the  J.  Somers  Planta- 
tion on  Brushy  Creek.  Here  an  ochre  bed  twenty  feet  thick  rises,  nearly 
vei-tical,  out  of  a  gully  in  a  hillside  covered  with  small  pieces  of  flue  com- 
pact ore. 

Bar-iron  Analysis,  by  A.  A,  Fesquet,  April  4,  1870. 

''The  samples  of  iron  bars  which  you  gave  me  to  analyze  hs^ve  the  fol- 
lowing composition : 

Metallic  iron  [includes  what  iron  is  combined  with  oxygen] 99.38 

Insoluble  calcined  substances,  [Silica,  &c] 0.15 

Carbon  [and  oxygen  ?]  [by  difference  J 0.47 

Also,  a  trace  of  Titanic  acid.  

100.00 

**  I  would  judge  from  the  nature  of  the  samples,  and  former  analysis, 
that  the  proportion  0.47  per  cent,  under  head  of  Carbon,  &c.,  is  too  con- 
siderable to  be  formed  by  Carbon  alone,  and  com  prises,  very  likely,  carbon 
and  oxygen.  Therefore  I  would  judge  that  part  of  the  impurities  is  from 
oxide  of  iron,  and  the  remainder  from  slag,  which  I  have  ascertained  ex- 
perimentally. In  other  words,  the  impurities  are  due  to  a  highly  basic 
slag,  which  cannot  be  expelled  or  squeezed  out  by  the  hammer  and  the 
rolls." 

Note. — The  above  bars  were  rolled  (from  blooms  of  N.  Carolina  ore) 
by  Jas.  Rowland  «&  Co.,  not  cut  and  piled. 
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^oTth  Oafolina  Blooms  made  into  Steel  by  the  Martinis  Process, 

Tn  January,  1871,  Mr.  A.  A.  Fesquet  assisted  at  the  conversion  of  ten 
tons  of  North  Carolina  blooms  into  steel,  at  Cooper  &  Hewitt's  Works, 
Trenton,  N.  J. 

The  blooms  were  some  of  the  first  made  at  the  Tuscarora -Forge  fires, 
rongh  and  variable  in  size  and  quality,  and  weighing  from  150  to  225  lbs. 

Mr.  Fesquet  thus  reports  ; 

The  Siemens-Martin's  Process  consists  in  mixing  steel  scraps  with  pig 
iron.  The  Carbon  of  the  pig  iron  reduces  the  iron  oxidized  by  the  flames; 
keeping  watch,  as  it  were,  over  it,  and  preventing  tlie  perpetually  forming 
oxide  of  iron  from  forming  a  cinder  with  the  silica  of  the  furnace 
lining. 

The  charge  being  melted,  it  remains  exposed  to  the  flame  until,  and 
even  after,  all  the  carbon  is  burned  off. 

The  exact  moment  is  known  by  a  series  of  samples  being  taken  out, 
hammered  and  bent,  hot. 

If  the  samples  be  red  short,  Franklinite  iton  is  added  to  restore  enough 
carbon  to  remove  the  oxygen  from  the  iron. 

After  one  or  two  stirrings  the  metal  is  run  into  moulds. 

The  North  Carolina  blooms  took  the  place  of  the  steel  scrap.  The  cast 
iron  used  was  West  Cumberland  (English)  pig,  nearly  free  from  sulphur 
and  phosphorus,  and  with  enough  silicon  and  carbon  to  fit  it  for  Besse- 
mer use. 
'  At  the  moment  of  complete  decarburation  a  sample  was  taken.  It  was 
slightly  red  short.  An  analysis  showed  that  the  red-shortness  was  due 
to  a  minute  proportion  of  oxide  of  iron  and  cinder,  which  had  not  been 
expelled  because  of  the  pasty  condition  of  the  decarburetted  metal.  Per- 
centage of  carbon  less  than  1 -1000th  part. 

Franklinite  was  added;  the  metal  became  fluid,  and  was  run  into 
moulds. 

The  ingots  were  sound,  and  presented  large  crystals,  of  a  clean  gray 
color. 

A  sample  from  one  was  perfectly  malleable,  without  a  trace  of  hot  or 
cold  shortness,  without  a  flaw,  and  homogeneous  to  all  appearances.  The 
largo  crystals  were  condensed  under  the  hammer.  The  fracture  was 
not  jageced,  and  resembled  that  of  cast  steel  of  some  degree  of  condensa- 
tion and  hardness. 

In  a  word,  this  steel  was  malleable,  homogeneous  and  tough,  Uke  the 
best  steel  produced  in  any  other  way. 

Tried  at  the  forge  Are  (by  the  same  workman),  it  seemed  to  bear  more 
heat  for  welding  and  hardening  than  will  the  ordinary  steel  (with  a  cor- 
responding proportion  of  carbon). 

Less  carbon  is  necessary  in  the  case  of  titanium  steel  than  in  the  case 
of  common  steel,  to  arrive  at  the  same  hardness. 

In  the  rolls,  this  ^teel  manifested  no  difficulties,  according  to  the  testi- 
mony of  Mr.  Slade  <)f  the  Trenton  Works. 

Waste :  Three  opeirations,  14,152  lbs.  of  metal  in  all;  waste,  13.5  percent.. 
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exceeding  somewhat  the  waste  when  steel  scraps  are  used ;  for  the  cinder 
in  the  blooms  has  to  be  purged  off  in  the  process,  and  secondly,  the  almost 
purely  metallic  titaniferous  bloom  iron  is  much  harder  to  melt  than  scrap 
steel ;  is  longer  exposed  therefore  to  the  flame,  and  therefore  wastes  more. 
By  adding  pig  metal  this  evil  will  find  a  remedy. 

The  peculiar  quaUties  of  this  steel  will  no  doubt  be  intensified  when  its 
own  titaniferous  pig  metal  is  used  with  its  titaniferous  forge  blooms. 

A  dose  of  Franklinite  may  yet  be  necessary.  Mr.  Fesquet  thinks  it 
acts  by  giving  up  carbon.  He  suggests,  however,  that  possibly  it  acts 
through  manganese  ;  but  as  nearly  all  the  manganese  goes  off  in  the  slag, 
he  thinks  itspecuUar  use  is  to  keep  the  cinder  fluid,  and  taking  the  iron's 
place  in  the  cinder. 


Stated  Meeting^  July  21,  1871. 

Present,  three  members. 

Mr.  Chase  in  the  Chair.  Secretary,  Mr.  Lesley. 

A  photograph  of  Dr.  0.  Seidenstricker  was  received  for  the 
Album.' 

Letters  of  envoy  were  received  from  the  Senkenburg  So- 
ciety, at  Frankfort,  the  I.  Akad.  Vienna,  and  the  Society  at 
Riga. 

Letters  of  acknowledgment  were  received  from  Dr.  Bunge, 
ofGreiswald;  Herr  Tunner,  of  Leoben ;  Dr.  Rokitansky;  the 
Zool.  Bot.  Soc,  Vienna;  Munich  Observatory,  and  Chicago 
Academy. 

A  letter  was  read  from  Mr.  Putnam,  of  Salem,  the  consid- 
eration of  which  was  postponed. 

Donations  for  the  Library  were  received  from  the  R.  S. 
Tasmania;  I.  A.,  Vienna  ;  Z.  B.  S.,  Vienna;  Senk.  S.,  Frank 
fort ;  E.  Danish  S. ;  R.  Com.  Geol.,  Italy ;  Capt.  Settimanni 
School  of  Mines,  Paris;  R.  Ast.,  R.  Geogr.  and  Chem.  SS.,  Lon 
don  ;  Nature ;  San  Fernando  Observatory ;  Essex  Institute 
Mass.  Hist.  S.,  Am.  Antiq.  S.,  Camb.  Mus.  Com.  Zool.,  J.  H 
Trumbull,  Sill.  Jour.,  Mrs.  Willard,  N.  Yr  Lyceum,  Frank 
Inst.,  Acad.  N.  S.,  Coll.  Pharmacy,  Med.  News,  Dr.  Rushen 
berger,  Isaac  Lea,  Peabody  Inst.,  and  Secrcjtary  Robeson,  of 
Washington. 
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The  death  of  Mr.  Eugenius  Nulty,  at  Philadelphia,  on  the 
3d  inst.,  aged  about  83  years,  was  announced  by  the  Secre- 
tary. 

Mr.  Chase  communicated  a  Note  on  the  Pluvial  Indications 
of  the  Metonic  and  Sun-spot  Cycles. 

Pending  nominations  677  and  678  were  read  and  balloted 
ipt^  and  the  following  named  gentlemen  declared  duly  elected 
members  of  the  Society : 
'    Prof.  Cleveland  Abbe,  Signal  Ser.,  War  Dep't,  Washington. 

Mr.  Benj.  Chew  Tilghman,  of  Philadelphia. 
And  the  meeting  was  adjourned. 


Stated  Meeting,  May  19,*  1871 

Present  13  members. 
Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Eev.  Dr. 
James  McCosh,  dated  Princeton,  N.  J.,  May  4th,    1871 ;  Prof. 
E.  B.  Andrews,  dated  Columbus,  Ohio,  May  4,  1871,  and  Dr.* 
T.  A.  P.  Barnard,  dated  Columbia  College,  N.  Y.,  May  5, 1871. 

A  Photograph  for  the  Album  was  received  from  Prof. 
Eoehrig,  of  Cornell  University. 

Letters  acknowledging  the  receipt  of  the  Society's  Publica- 
tions were  received  from  the  E.  Bavarian  Academy,  (27,  65  to 
67;  75,  76,  81,  82) ;  the  Society  of  P.  &  K  H.  at  Geneva,  (XIII, 
3,  78  to  83);  the  Physical  Society  at  Berlin,  (XIII,  3  ;  81,  82,) 
the  BostonN.  H.  S.,  (XIII,  3,  XIV,  1,  81,  82,  83,  84,  85,) 
and  the  Library  of  Congress  (XIV,  I). 


*The  report  of  this  meeting  has  been  inadvertantly  misplaced. 
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Letters  of  envoy  were  received  from  the  Physical  Society 
of  Berlin,  and  Dr.  C.  Naumann  of  Leipsig. 

A  letter  was  received  from  Mr.  W.  Barker,  Engraver  to  the 
U.  S.  Mint,  presenting  to  the  Cabinet  of  the  Society,  a  medal 
of  David  Eittenhouse,  after  a  bust  in  the  possession  of  the 
Society. 

D  onations  for  the  Library  were  received  from  the  Geologi- 
cal Institute  and  Anthropological  Society  at  Vienna,  the  Physi- 
cal S(5ciety  at  Berlin,  Dr.  Naumann,  the  Bavarian  Academy, 
the  Zoological  Garden  at  Frankford,  the  Natural  History  So- 
ciety at  Geneva,  the  London  Meteorological  Office  and  Board 
of  Trade,  and  Editors  of  Nature,  the  Essex  Institute,  Boston 
Natural  History  Society,  American  Oriental  Society,  Franklin 
Institute,  Medical  News,  Wilmington  Institute,  Mr.  G.  W. 
Shaflfer  of  Savannah,  and  Dr.  Newberry. 

The  death  of  Sir  John  F.  W.  Herschel,  on  the  12th  inst., 
aged  79,  was  announced  by  the  Secretary. 

A  specimen  of  the  Jenny  Jump  variegated  marble  of  New 
Jersey,  was  laid  upon  the  table,  and  its  geological  character 
was  discussed  by  several  of  the  members  present. 

The  attention  of  the  members  was  called  to  Herr  Lauth's 
recent  memoir  on  the  Gold  Mine  Map  Papyrus  of  the  age  of 
Seti  I.,  and  its  interesting  points  described  by  the  Secretary. 

New  nominations  Nos.  677  and  678  were  read. 

On  motion  of  Mr.  Chase,  the  Meteorological  Office  at  Wash- 
ington was  ordered  to  be  placed  on  the  list  of  correspondents 
to  receive  the  Proceedings. 

On  motion  of  Mr.  Lesley,  the  American  Institute  of  Civil 
Engineers  was  placed  on  the  list  of  correspondents  to  receive 
a  set  of  the  Proceedings. 

On  motion,  the  thanks  of  the  Society  were  tendered  to  Mr. 
Barber,  for  his  beautiful  present. 

And  the  meeting  was  adjourned. 
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Indian  ScalptnieB  on  ft  rock  in  South  Western  Pennsylvftnia. 


N    >■;  S> 


^      >      W  >^7  jsr  "Ts, 


Digitized  by 


Google 


i 


r 


Digitized  by  CjOOQ IC 


TJEST*^ 


Digiti 


zed  by  Google 


Digitized  by  CjOOQ IC 


EXPLANATION  OF  PLATES  L  AND   IL 


Fig.    1.  Posterior  surface  of  right  Humerus. 

"     2.  Anterior  surface  of  left  Humerus. 

**     3.  Section  of  left  Humerus. 

"4.  **  "  natural  size. 

**     5.  Section  of  left  Femur. 

**     6.  Anterior  surface  of  right  Femur. 

"     7.  Posterior  surface  of  right  Femur.  The  notch  about  the  middle 
is  wh§j:e  a  slice  was  removed  for  microscopic  preparations. 
Fig.    8.  Section  of  left  Radius. 

**     9.  Posterior  surface  of  left  Radius. 

**  10.  Posterior  surface  of  right  Radius. 

**  11.  Anterior  surface  of  right  Radius. 

**  12.  Section  of  left  Ilium. 

**  13.  End  of  right  Clavicle. 

**  14.  Posterior  surface  of  right  Ulna. 

**  15.  Anterior  surface  of  right  Ulna. 

**  16.  Sectionof  left  Ulna. 

"  17.  **  **  natural  size. 

"  18.  Posterior  surface  of  right  Fibula. 

**  19.  Posterior  surface  of  left  Tibia. 

**  20.  Anterior  surface  of  right  Tibia. 

"  21.  Section  of  Phalanx  natural  size. 

**  22.  Section  of  healthy  Phalanx  natural  size  inserted  for  com- 
parison. 
Fig.  23.  Vertebral  end  of  spine  of  left  Scapula. 

**  24.  Anterior  surface  of  carpal  end  of  right  Radius  enlarged. 
N.  B.  All  the  drawings  except  where  noted  are  on  a  scale  of  J  the 
natural  size. 
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Stated  Meeting^  Aug,  18^/i,  1871. 

Present,  two  members. 

Secretary,  Mr.  Trego,  in  the  chair. 

Photographs  were  received  from  Prof.  Max  Miiller,  of  Ox- 
ford, England,  and  from  M.  Stanislaus  Julien,  Membre  de 
1'  Institut,  Paris. 

A  letter  accepting  membership  was  received  from  Prof.. 
Cleveland  Abbfe,  dated  Washington,  D.  C,  July  24,  1871. 

Letters  of  acknowledgment  were  received  from  the  New 
York  City  University  (86). 

Donations  for  the  library  were  received  from  the  Hungarian 
Academy  ;  Herr  K.  Magey ;  the  Society  at  Moscow  ;  the  Eus- 
sian  Academy ;  Prussian  Academy ;  Geological  Society  and 
Botanical  Society  of  Berlin ;  the  Societies  at  Gottingen  and 
Bremen ;  the  Geographical  Society  at  Paris ;  the  London  As- 
tronomical Society  and  Meteorological  Bureau;  Editors  of 
Nature ,  Cornwell  Polytechnical  Society ;  Peabody  Museum  ; 
Essex  Institute;  Medical  News  ;  and  U.  S.  Department  of  En- 
gineers at  Washington. 

The  death  of  Mr.  Sidney  G.  Fisher,  a  member  of  the  Society, 
at  his  residence  near  Eising  Sun,  Philadelphia,  July  25th, 
1871,  in  the  63d  year  of  his  age*  was  announced. 

Mr.  Chase  presented  some  tables  of  daily  Eainfalls  at  the 
Observatorio  do  Infante  Don  Luiz,  Lisbon,  from  1855  to  1870, 
with  some  comparisons,  indicating  an  opposition  between  the 
lunar 4aily  rains  at  Lisbon  and  Philadelphia,  similar  to  the 
one  he  had  pointed  out  as  existing  between  the  solar  daily 
rains  at  the  same  stations. 

And  the  meeting  was  adjourned. 


Stated  Meeting  Sept,  15th,  1871. 
Present,  two  members. 
Vice-President,  Mr.  Fjialey,  in  the  chair. 
A  letter  accepting  membership  was  received  from  Mr.  B.  C. 
Tilghman,  dated  Philadelphia,  Aug.  1871. 
Photographs  for  the  Album  were  received  from  Prof.  Geo. 

A.  p.  S.-VOL.  XII-U 
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H.  Cook  and  Col.  M.  J.  Cohen,  the  latter  sending  a  carte  de 
visite  of  the  late  Dr.  Joseph  I.  Cohen,  of  Baltimore. 

Letters  of  envoi  were  received  from  the  Central  Observa- 
tory of  Eussia,  and  the  office  of  the  Chief  of  the  U.  S.  Engi- 
neers at  Washington. 

Letters  acknowledging  the  receipt  of  Publications  of  the 
Society  were  received  from  the  Eussian  Central  Observatory  ; 
the  Leeds  P.  &  L.  Society,  August  24  (xiv.  i.  S3, 84,  85,) ;  the 
Society  of  Antiquaries,  London,  August  26  (xiv.  i.  83,  85); 
the  Society  of  Arts  at  Batavia,  May  31,  1869  (xiii.  2,  Proc. 
July,  1865) ;  the  Eadcliftis  Observatory,  August  10th,  (83,  84, 
85);  the  Geological  Committee  of  Italy,  at  Florence,  August 
12  (Proc.  vol.  xi.  2);  the  Glasgow  Philosophical  Society, 
August  10th  (83,  84,  85) ;  the  Eegents  of  the  New  York  Uni- 
versity, August  7  (Proc.  vol.  x,  xi);  the  Boston  Public  Li- 
brary, August  23  {86) ;  Bhode  Island  Society  for  the  encour- 
agement of  Domestic  Industry  (86);  Georgia  Historical 
Society,  Savannah,  August  24  (86);  Wisconsin  Historical 
Society,  Madison,  August  25  (86)  ;  New  York  Historical 
Society,  New  York,  September  1  (86) ;  New  Jersey  Historical 
Society,  Newark,  Sept.  1  (86);  Essex  Institute,  Salem, 
Mass.,  Sept.  2,  ^871  (86). 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  St.  Petersburg,  Berlin  atid  Bruxellcs  ;  the  Societies  at 
Batavia  and  Eiga;  Herr  Von  Frauenfield,  of  Vienna;  the 
Geological  Committee  of  Italy;  Geographical  Society  in^aris  ; 
Zoological  Society  and  Society  of  Antiquarians  in  London ; 
London  Nature ;  the  Essex  Institute ;  Boston  Natural  History 
Society ;  E.  I.  Society  for  the  Encouragement  of  Domestic 
Industry,  at  Providence;  the  American  Journal  of  Science ; 
Mr.  J.  H.  Trumbull ;  the  American  Chemist ;  President  Bar- 
nard of  Columbia  College  ;  the  Franklin  Institute;  American 
Journal  Medical  Science  ;  Journal  of  Pharmacy  ;  Penn  Month- 
ly ;  and  Dr.  Eichard  J.  Dunglison,  of  Philadelphia. 

A  communication  for  the  Proceedings  was  received,  entitled 
"  On  the  Formation  and  Primitive  Structure  of  the  Solar  Sys- 
tem," by  Professor  Daniel  Kirkwood,  of  Bloomington,  Indiana. 

And  the  meeting  was  adjourned. 
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On.  the  Formation  and  Primitive  Structure  of  tTis  Solar  System. 

By  Professor  Daniel  Kirkwood. 
{Bead  before  the  American  Philosophical  Society,  Oct.  6,  1871.) 
The  development  of  any  branch  of  science  is  generally  a  slow  and 
gradual  process.  The  obvious  truths  which  suggested  to  Laplace  his  cele- 
brated hypothesis  of  the  solar  system  had  been  for  ages  well  known  to 
astronomers  ;  but,  as  in  the  case  of  the  earlier  geological  observations, 
they  had  been  regarded,  without  any  just  reason,  as  ultimate  facts.  So 
now  we  have  numerous  results  of  observation  in  regard  to  the  rings  of 
Saturn,  the  zone  of  asteroids,  the  relative  distances  of  the  planets,  &c., 
the  study  of  which,  it  is  believed,  may  lead  to  new  and  important  discov- 
eries. ** These  hieroglyphics  older  than  the  Nile,"  pointing  back  to  the 
epochs  at  which  the  planets  were  born,  will  doubtless  in  the  future  be 
more  or  less  clearly  deciphered,  and  the  ancient  history  of  the  solar  system 
at  least  partially  developed. 

It  is  a  very  remarkable  fact  in  regard  to  the  systems  of  both  primary 
and  secondary  planets  that  the  periods,  without  any  exception,  have  very 
simple  relations  of  approximate  commensurability.  This  truth,  though 
obvious  on  mere  inspection,  seems  not  to  have  attracted  the  special  notice 
of  astronomers,  as  no  attempt  had  been  made,  previous  to  that  of  the 
writer,  to  assign  its  physical  cause.  A  general  view  of  these  approxima- 
tions is  presented  in  the  following  tables,  where  the  periods  of  the  primary 
planets,  Mercury,  Venus,  &c.,  are  represented  by  P^  P^S  &c.,  and  those 
of  the  satellites  by  p^,  p^',  &c. 

I. 
The  Primary  System. 
jpViii  _Q2  37  ygj^jg^pvii  _i.65y. 


iP 


.VII 


=28.01 


-P^ 


—1.45 


|P^'    —11.78      "    — P^      —0.08 
ip^      «  1.97      «    =»piv     +0.09 


-0.988 


_pIII       — Q^Qlg 


§p"^    —0.667      "     — P"       +0.052 

|P"     —0.246      **    — P^       —0.005 

II. 
The  Jovian  System. 


'.V>^  _p'" 
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III. 
The  Saturniah  Ststbm. 

fp^'"^  -p  ^'  +  (?) 
ip^'"'-p^'    -1^    54"     41« 


fP              —   P 

h  0 

55 

13 

iP        —  P 

—  1 

54 

15 

i.IV                II 

iP        —  P 

—  0 

2 

33 

iP       —  P 

f  0 
IV. 

1 

50 

The  Urakian  System 

iP^"- 

P         ^ 

6^^ 

ip"^-P^ 

"      +5 

lp"-p'  -1 

It  is  infinitely  improbable  Uiat  all  these  coincidences  should  be  purely 
accidental.  Their  physical  cause  is  a  legitimate  object  of  research,  and 
the  writer  is  vain  enough  to  believe  that  he  has  suggested  the  true  one.* 
Before  proceeding  with  our  discussion,  however,  it  may  be  proper  to  in- 
dicate such  modiflcations  of  the  nebular  hypothesis  as  seem  to  be  de- 
manded by  recent  discoveries. 

The  vietir  generally  received  in  regard  to  the  formation  of  the  solar  sys- 
tem has  been  that  equatorial  rings  were  abandoned  only  in  the  vicinity 
of  the  present  planetary  orbits.  As  the  writer  has  elsewhere  observed, 
however,  **  it  seems  highly  probable  that,  after  first  reaching  the  point 
at  which  gravity  was  counterbalanced  by  the  centrifugal  force  arising 
from  the  rotation  of  the  contracting  spheroid,  a  continuous  succession 
df  narrow  rings  would  be  thrown  off  in  close  proximity  to  each  other, 
and  revolving  in  different  periods  according  to  Kepler's  third  law."  But 
In  this  matter  we  ai*e  not  left  to  mere  speculation.  The  zone  of  minor 
planets  has  evidently  not  been  produced  by  a  single  annulus,  all  the  parts 
of  which  had,  at  first,  nearly  equal  velocities.  On  the  contrary,  it  must 
have  resulted  from  an  almost  continuous  abandonment  of  narrow  rings, 
from  the  exterior  limit  at  the  mean  distance  3.50,  down  to  the  interior, 
at  2.20.  The  rings  of  Saturn,  moreover,  afford  a  similar  index  to  the  pro- 
cess of  planetary  formation. 

Let  us  assume,  then,  the  existence  of  a  central  mass  S,  with  a  ring  B, 
and  an  exterior  planet  P.  The  particles  of  the  ring  having  different  dis- 
tances from  the  centre  of  motion  will  move  with  different  velocities.    Let 


•Met.  Astr.,  Ch.  XIII..  and  Monthly  Notices  of  the  R.  A.  S.,  vol.  XXIX. 
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S  p  be  the  distance  at  which  a  planetary  molecule  would  revolve  in  one 
half  the  period  of  the  planet  P.     The  disturbing  effect  of  P  will  render 
the  orbit  of  p  more  and  more  eccentric.     The  particle,  therefore,  must  be 
brought  into  contact,  either  in  aphelion  or  perihelion,  with  other  parts  of 
the  ring,  thus  forming  a  planetary  nucleus  at  such  distance  that  its  period 
would  be  nearly  one-half  that  of  the  exterior  planet.    Similar  reasoning 
will  apply  to  the  distances  at  which  the  ratio  of  the  periods  would  be  J, 
f,  or  any  simple  relation  of  commensurability.    We  have  thus  an  ex- 
tremely simple  explanation  of  the  facts  embodied  in  the  preceding  tables. 
Should  it  be  objected  that  this  theory  fails  to  account  for  the  formation 
of  the  most  remote  planet,  it  may  be  answered  that  the  first  separation  of 
matter  from  the  condensing  nebula  probably  occurred  before  the  mass 
had  assumed  a  symmetrical  form.     The  successive  ratios  of  the  periods 
from  Neptune  to  Jupiter  are  ^,  J  and  f.     With  Jupiter,  **  the  giant  of  the 
solar  system,"  the  process  of  planet  formation  seems  to  have  culminated  ; 
the  mass  of  this  stupendous  globe  being  nearly  three  times  greater  than 
that  of  all  other  members  of  the  solar  family  united.     But  why  have  we 
no  planet  of  any  considerable  magnitude  whose  period  is  one-half,  one- 
third,  or  two-fifths  that  of  Jupiter  ?    It  may  be  answered,   in  the  first 
place,  that  the  matter  of  asteroid  ring  was  so  extremely  rare  that  the  in- 
tei*8ection  of  orbits  failed  to  produce  large  planetary  nuclei.       The  ques- 
tion  recurs,  however,   whence  the  small  mass  of  the  ring  immediately 
interior  to  the  largest  member  of  the  system  ?    The  circumstances  of  the 
primitive  asteroid-ring  were  different  from  those  of  any  other.      As  its 
successive  portions  were  thrown  off  at  the  equator  of  the  solar  nebula 
they  would  be  liable  to  great  perturbations  by  Jupiter.     The  perihelion 
distance  of  portions  of  the  zone  might  thus  become  less  than  the  equato- 
rial i*adiusof  the  spheroid  by  which  they  had  been  abandoned.    A  consid- 
erable proportion  of  the  matter  originally  separated  may  have  been  thus 
re-united  to  the  parent  mass.* 

The  writer  has  shown  however,  that  in  the  distribution  of  the  mean  dis- 
tances of  the  asteroids,  we  have  indications  of  an  order  similar  to  that 
of  the  exterior  planets.  This  fact  is  rendeied  still  more  conspicuous 
by  recent  discoveries.  The  distances  at  which  the  periods  of  asteroids 
would  be  one-half,  two-fifths,  and  one-third  that  of  Jupiter,  are  respec- 
tively, 3.2776,  2.8245,  and  2.5012.  Between  the  mean  distances  3.22 
and  3.32  no  asteroid  has  yet  been  discovered ;  while  between  3.12  and 
3.22  there  are  no  less  than  12.  Between  2.78  and  2.88,  the  interval  con- 
taining the  distance  at  which  five  times  the  period  of  a  planet  would  be 
equal  to  twice  that  of  Jupiter,  only  two  have  been  detected  ;  while  in  the 
equal  space  immediately  interior,  from  2.68  to  2.78,  there  are  21.  Finally, 
between  2.45  and  2.55,  the  space  in  the  middle  of  which  an  asteroid's 
period  would  be  one-third  that  of  Jupiter,  the  number  of  known  asteroids 
is  4 ;  while  in  the  equal  space  immediately  interior  there  are  20,  and  in 
that  exterior,  15.  These  facts  are  certainly  very  remarkable,  and  deserve 
the  earnest  consideration  of  astronomers. 

•See  Proc.  Am.  Phil.  Soc,  Aug.  19, 1870. 
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The  preceding  table  of  the  primary  system  seems  to  indicate  the  de- 
pendence of  the  periods  of  Mars  and  the  earth  on  the  powerful  mass  of 
Jupiter.  The  relations  expressed  between  the  periods  of  the  earth,  Venus, 
and  Mercury  are  sufficiently  obvious.  It  is  worthy  of  remark  that  the 
original  distances  of  the  exterior  planets  have  been,  in  all  probability, 
sensibly  diminished.  While  the  solar  nebula  was  undergoing  the  process 
of  condensation  all  cometary  and  meteoric  matter  attracted  towards  its 
centre,  would,  if  the  perihelion  distance  were  considerably  less  than  the 
i-adius  of  the  nebula,  become  incori)orated  with  the  central  body.  This 
growth  of  the  solar  mass  would  produce  a  shortening  of  the  periodic  times 
of  all  planets  previously  formed. 

The  approximations  to  commeusurability  in  the  secondaiy  systems  are 
still  more  striking,  cand  must  produce  the  impression  in  every  inquiring 
mind  that  they  are  not  without  their  physical  significance. 

The  rings  of  Saturn  formerly  supposed  to  be  solid  and  continuous,  are 
now  regai-ded  as  consisting  of  an  indefinite  number  of  extremely  small 
satellites.  They  ara,  in  short,  a  compact  cluster  of  secondary  asteroids, 
analogous  to  the  primary  zone  between  Mars  and  Jupiter.  In  the  latter, 
it  is  true,  a  large  proportion  of  the  primitive  matter  has  collected  in  dis- 
tinct, planetary  masses ;  while  a  similar  result  has  been  prevented  in  the 
Saturnian  rings  by  their  proximity  to  the  central  body.  In  one  respect? 
however,  we  observe  a  striking  correspondence.  It  has  been  shown  that 
several  positions  occur  in  the  asteroid  zone  where  planetary  periods  would 
have  simple  relations  of  commensurability  with  the  peiiod  of  Jupiter, 
and  that  portions  of  the  original  ring  occupying  these  positions  would  be 
liable  to  great  disturbance.  Now,  the  ring  of  Saturn  is  evidently  subject 
to  like  perturbation  by  the  nearest  satellites.  Hence  gaps  or  chasms, 
analogous  to  those  in  the  zone  of  asteroids,  ought  also  to  be  found  in  the 
secondary  ring.  It  has  accordingly  been  noticed  that  Cassini's,  or  rather 
Ball's  division  occurs  pi'ecisely  where  the  periods  of  satellites  would  be 
commensurable  with  those  of  the  four  members  of  the  system  immediately 
exterior.* 

But  astronomers  have  sometimes  seen  the  ring  of  Saturn  apparently 
separated  by  several  black  lines  into  concentric  annuli.  At  other  times, 
however,  no  such  divisions  could  be  detected.  The  fact,  therefore,  of  the 
permanence  of  these  gaps  is  extremely  doubtful,  except  in  the  case  of  a 
division  of  the  exterior  bright  ring.  This  has  been  frequently  seen  by 
eminent  astronomers ;  and  it  is  probable,  though  not  absolutely  certain, 
that  it  is  never  entirely  closed.  Most  observers  agree  in  placing  it  out- 
side of  the  middle  of  the  exterior  ring.  Let  us  now  inquii*e  whether  any 
simple  relation  of  commensurability  obtains  between  the  periods  of  satel- 
lites revolving  at  the  distance  of  this  outermost  gap,  and  those  of  Mimas, 
Enceladus,  Tethys,  and  Dione. 

i  of  the  period  of  Mimas 


12^  56"^ 


Tethys 


12    57 


*  ileicorir  Astronomy,  Chap.  XII. 
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i  "  Dione  =- 13      8 

f  *'  Enceladus  =13      9 

The  interior  radius  of  the  outer  ring  =  1.9963 

The  radius  of  a  circle  bisecting  the  outer  ring  =  2.1209 

Vi         Tn 

The  distance  of  a  satellite  whose  period  is  12    56     =  2.1473 

The  distance  of  a  satellite  whose  period  is  13      9     =  2.1510 

The  exterior  radius  of  the  outer  ring  .  =  2.2456 

It  is  thus  seen  that  just  beyonc^the  middle  of  the  out«r  ring,  where  the 

division  is  actually  found,  another  zone  occurs  in  which  the  periodic  times 

of  satellites  would  be  commensurable  with  those  of  Mimas,  Enceladus, 

Tethys  and  Dione. 

The  PACTS  detailed  in  the  preceding  pages  are  unquestionable.  In  re- 
gard to  the  proposed  explanation  of  these  facts  the  writer  would  speak 
with  becoming  caution.  In  his  humble  attempt  to  reduce  a  large  class  of 
isolated  truths  to  the  domain  of  law  some  important  considerations  may 
have  been  overlooked.  Be  this  as  it  may,  he  indulges  the  hope  that  abler 
astronomers  may  deem  the  enquiry  not  unworthy  their  researches. 


Stated  Meeting^  Oct.  QtL,  1871. 

Present,  fifteen  members. 

Vice  President,  Mr.  Fraley,  in  the  chair. 

A  photograph  for  the  Album  was  received  from  Professor 
E.  N.  Horsford,  dated  Cambridge,  Massachusetts,  October  29. 

Letters  of  acknowledgment  were  read  from  the  London 
Meteorological  Office,  September  22  (83,  84,  85) ;  and  the 
Buftalo  Society  of  Natural  Sciences,  December  1,  1870 
(XI  Pro). 

Letters  of  envoi  were  received  from  the  Natural  History 
and  Historical  Union  of  Donauerschingen,  September  15,  and 
the  United  States  Secretary  of  the  Interior,  Washington,  D. 
C,  September  15,  1871. 

A  fecent  letter  from  Mr.  Carlier  to  Mr  Durand,  was  read 
by  Mr.  Price,  who  offered  a  Resolution,  which  was  adopted, 
authorizing  the  presiding  officer  of  the  meeting  to  execute 
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a  Power  of  Attorney  to  if.  Carlier,  of  Paris,  to  receive  moneys 
on  account  of  the  Micliaux  Tiegacy. 

Dooations  for  the  Library  were  received  from  Doctor 
Zenaro,  of  Constantinople^  ihe  Union  at  Donauerschingen,  the 
Prussian  an^l  Belgian  Academies,  Geographical  Society  at 
Paris,  Annalesdes  Mines,  Revue  Politique,  the  Meteorological 
Office  aud  Nature  of  London,  the  Montreal  Natural  History 
Society,  the  American  Academy,  Natural  History  Society, 
and  Old  and  New  of  Boston;  Mr.  Edmund  Quincy, 
of  Dedham,  Massachusetts,  the  American  ^fournal  of  Arts 
mid  Sciences;  Doctor  Squibb,  of  New  York,  the  Franklin 
Institute,  College  of  Pliarmacy,  and  Penn  Monthly,  of  Phila- 
delphia, the  Census  Buri^'au  nt  Washington,  and  the  Historical 
Society  of  Georgia  at  Savannah. 

An  ohitnary  notice  of  t lie  late  Doctor  Rhoads,  of  Phila- 
delphia^ was  read  by  Doctor  Henry  Hartshorne. 

Profa^sor  Kirkwood's  paper  on  the  Origin  of  the  Solar 
System,  was  i-ead  by  the  Secretary. 

A  letter  from  Professor  Cope  to  the  Secretary,  on  the 
lieptile  and  Fiali  remains  in  the  State  Museum  of  Kansas,  was 
read  by  the  Secretary. 

Mr,  Baird  communicated  his  views  on  the  cause  of  the 
decline  of  vegetable  vitality  in  fruit  trees,  dating  from  the 
year  I860* 

Mr.  Lesley  read  a  note  on  some  supposed  Egyptian  letters, 
in  the  Dulmen  of  Munelud,  in  Brittany. 

New  uonn nation,  No,  (579  was  read,  and  the  meeting  was 
adjouraed. 


If  ate  ofiome  Crelac€0U»  Veriebrata  in  the  State  Agricultural  College  of 
EanmSf  U.  S,  A, 

By  Edward  D.  Cope. 

Manhattan,  Kansas,  1871. 
My  deab  Prof.  IiEflLEY  : 

A  vLRJt  to  the  State  Agricukural  College  of  Kansas  at  Manhattan,  has 
enabled  me  to  examine  the  ciTetaceous  vertebrata  contained  in  its  collec- 
tion. FrofuKSjor  B.  F.  Mutl^jej  aheady  well  known  by  his  interesting  dis- 
coveries amon^-  tJje  Pj/ihonoiaorph  reptiles  and  Saurodont  Fishes,  has 
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added  to  his  collections  by  an  excursion  in  the  neighborhood  of  Fort 
Wallace,  during  the  present  summer.    By  his  permission  I  have  made  an 
examination  of  these  fossils,  and  find  them  to  be  of  much  interest.    They . 
consist  of  seven  species  of  Pythonomorpha,  and  three  of  Saurodontidos, 
The  following  are  approximate  or  exact  determinations  of  them. 

Python  omorpha. 

MosASAUBUS  quite  near  to  M.  depressus,  Cope,  from  New  Jersey. 

LiODON  DYSPELOR,  Cope,  probably.  The  first  time  that  this  gigantic 
reptile  has  been  discovered  in  Kansas. 

LiODON ;  a  large  species  near  to  i,  proriger,  Cope.  It  is  represented 
by  dorsal,  lumbar,  and  caudal  vertebrae,  by  ribs,  and  by  bones  of  the 
extremities.  The  humerus  is  a  remarkable  bone  having  the  outline  of 
that  of  Clidastes  propython,  Cope,  but  is  very  much  stouter,  the  antero- 
posterior dimensions  of  the  proximal  extremity  being  greatly  enlarged, 
The  long  diameters  of  the  two  extremities  are  in  fact  nearly  at  right 
angles,  instead  of  in  the  same  plane,  and  the  outline  of  the  proximal  is 
subtriangular,  one  of  the  angles  being  prolonged  into  a  strong  deltoid 
crest  on  the  outer  face  of  the  bone,  which  extends  half  its  length.  The 
inner  or  posterior  distal  angle  is  much  produced,  while  the  distal  ex- 
tremity is  a  flat  slightly  curved  diamond-shaped  surface.  The  radius  is 
as  broad  as  long  and  three  quarters  of  a  disc.  The  phalanges  are  stout, 
thick  and  depressed,  thus  diflfering  much  from  those  of  Liodon  ictericus, 
A  bone  which  I  cannot  assign  to.  any  other  position  than  that  of  femur  * 
has  a  peculiar  form.  It  is  a  stout  bone  but  more  slender  than  the  huinerus« 
The  shaft  is  contracted  and  subtrilateral  in  section.  The  extremities  are 
flattened,  expanded  in  directions  transverse  to  each  other,  the  proximal 
having,  however,  a  lesser  expansion,  in  the  plane  of  the  distal  end.  The 
former  has,  threrefore,  the  form  of  an  e(^uilatera|  spherical  triangle^  the 
apex  enclosing  a  lateral  fossa  and  representing  probably  the  great  tror 
chanter.     The  distal  extremity  is  a  transverse  and  convex  oval. 

M. 

Length  humerus, 0.10 

Proximal  diameter  do , .  .005 

Length  femur ^ 08 

Proximal  diameter  do ' 065 

Median  **  , .;  .035 

Length  centrum  dorsal  vertebra  without  ball , , 061 

Transverse  diameter  cup 06 

Vertical  " .053 

LlODON  LATISPINUS,  Cope,  Sp.  UOV. 

This  is  a  large  species,  nearly  equalling  the  L.  mitchilUi  in  its  dimen- 
sions, that  is  forty  or  fifty  feet  in  length.  The  remains  representing  it 
consist  of  seven  cervical  and  dorsal  vertebrae,  five  of  them  being  contin- 
uous  and  enclosed  in  a  clay  concretion. 

*  Prof.  O.  C,  Marsh  has  discovered  the  posterior  limbs  in  this  genus  and  Clidaatea  but  has  as  yet 
publlalied  no  description  of  them.    See  SlUlm,  Journ.  1871,  p.  418. 

A.  P.  S.-VOL.  Xll-V 
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"Tliese  display  the  elongate  character  seen  in  Z.  laevis^  etc.,  but  the  ar- 
ticular surfaces  are  transversely  oval,  thus  resembling  the  L.  ietericus. 
They  are  less  depressed  than  in  X.  perlattis  and  L.  dyspelor.  The  cup  and 
ball  of  the  penultimate  cervical  rise  a  little  more  transverse  than 
those  of  the  fourth  dorsal.  The  last  cervical  is  strongly  keeled  on  the 
middle  line  below,  and  with  a  short  obtuse  hypopophysis  marking  the  be- 
ginning of  the  posterior  third  of  the  length  ;  the  median  line  of  the  first 
dorsal  has  an  obtuse  ridge.  There  is  no  keel  on  the  fourth  dorsal.  The 
diapophyses  on  the  last  two  cervical  and  three  first  dorsal  vertebras  have 
great  vertical  extent ;  the  articular  surface  for  the  rib  is  not  bent  at  right 
angles  on  the  last  cervical.  Neural  arches  and  spines  are  well  preserved 
in  most  of  the  specimens.  There  is  no  trace  of  zygantrum.  The  neural 
spines  are  flat,  and  have  considerable  antero-posterior  extent  on  cervica. 
as  well  as  dorsal  vertebrae,  and  are  truncate  above.  The  first  dorsal  has 
a  long  strong  rib. 

M. 

Transverse  diameter  cup  penultimate  cervical  vertebra 051 

Vertical  diameter  of  same 041 

Length  centrum  fourth  doraal,  without  ball 072 

Vertical  diameter  ball 0455 

Transverse  do     0555 

Elevation  front  margin  neural  spine  penultimate  cervical 088 

Antero-posterior  diameter       do  do  do      05 

There  are  smooth  bands  around  the  balls  and  the  surfaces  of  the  cen- 
tra are  striate  to  these. 

The  depressed  cups  of  the  cervicals  and  anterior  dorsals  distinguish 
this  species  from  the  Z.  validuSj  L,  proriger  and  L,  mudgii.  The  same 
elements  are  much  larger  and  more  elongate  than  in  L,  ictericus. 

LiODON,  sp.  near  ictericus,  Cope^ 

Represented  in  Prof.  Mudge's  collection  by  portions  of  ci-anium  inclu- 
ding jaws  and  quadrate  bones,  etc.,  with  cervical  and  dorsal  vertebiae. 

Clidastes  vymanii.  Marsh,  probably. 

Clidastes  cinebiarum.  Cope.     Dorsal  and  cervical  vertebras. 
Saurodontid^b. 

IcHTHYODECTEs,  nr.  ctenodon.  Cope. 

Anogmius  contractus,  gen.  et  sp.  nov.  ?  Saurodontidainim. 

Represented  by  a  large  series  of  vertebrae  and  portions  of  fins  of  an  in- 
dividual of  x^erhaps  four  feet  in  length.  The  characters  of  the  vertebrae 
are  those  of  Ichthyodectes  in  part,  i.  e.  they  lack  the  lateral  grooves,  but 
they  resemble  those  of  Saurocephalus  in  having  the  basal  elements  of  the 
neural  and  haemal  elements  inserted  by  gomphosis  and  not  coossified 
with  the  centrum.  Specifically,  the  centra  are  relatively  longer  than  in 
/.  ctenodon,  and  more  as  in  the  shorter  forms  of  SaurocephaluSf  as  S, 
prognatJiuSf  which  species  the  present  one  approaches  in  size. 

Saurocephalus,  nr.  prognathuiy  Cope. 
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Obituary  Notice  of  Edward  Ehoads^  M.  B, 

By  Hbnky  Habtshobne,  M.  D. 

{Read  before  the  American  Philosophical  Society,  Phila,  Oct,  6, 1871.) 

Of  those  recently  deceased,  members  of  a  profession  which  has 
contributed  a  large  share  of  workers  to  the  different  fields  of  biological 
science,  few  have  given  greater  promise,  and  not  many  among  us  have  at- 
tained to  better  performance  in  a  short  career,  than  Edward  Bhoads. 
Unfavorable  for  the  full  appreciation  of  his  work,  except  by  those  with 
whom  he  was  closely  associated,  has  been  the  fact  that  much  of  it  has 
been  unrecorded  ;  being  the  daily  labor  of  the  practitioner  and  teacher  of 
medicine.  But  it  is  fitting  that  this  Society,  whose  pursuits  and  member- 
ship are  not  narrowly  limited,  should  at  least  briefly  record  its  recognition 
of  such  high  ability  and  character. 

Edward  Rhoads  was  bom  in  Philadelphia,  September  29,  1841.  After 
a  good  preliminary  training,  in  which  an  early  love  of  natural  science  dis- 
played itself,  he  entered  Haverford  College  in  1855  ;  and  was  graduated 
there,  at  the  head  of  his  class,  in  1859.  The  rural  situation  of  the  college 
afibrded  him  an  opportunity  for  the  study  of  Botany,  in  which  he  became 
well  versed  while  a  sudent.  Shortly  after  leaving  college,  an  attack  of 
rheumatic  fever,  involving  the  heart,  began  those  inroads  upon  his  con- 
stitution, the  repetition  of  which  afterwards  abridged  his  life.  In  the  fal^ 
of  1860  he  commenced  the  study  of  medicine,  and  obtained  the  degree  of 
Doctor  of  Medicine  at  the  University  of  Pennsylvania,  in  1863.  He  was 
then  elected,  after  a  conr>|ietitive  examination.  Resident  Physician  in  the 
Philadelphia  Hospital,  West  Philadelphia.  This  was  followed,  in  1864, 
by  his  appointment  as  Resident  Physician  in  the  Pennsylvania  Hospital. 
In  the  midst  of  his  arduous  duties  there,  performed  with  distinguished 
success  and  with  satisfaction  to  all,  he  was  again  aflfected  with  articular 
rheumatism,  which  renewed  seriously  the  disorganizing  disease  of  his 
heart. 

On  recovering  from  this  attack,  he  visited  Europe,  in  1865,  being  absent 
eight  months.  In  1866,  he  was  appointed  Visiting  Physician  to  the  Phil- 
adelphia Hospital ;  where  his  professional  talent,  enthusiam  and  knowl- 
edge, and  his  capacity  as  a  clinical  teacher,  found  free  scope  for  develop- 
ment and  utility.  He  was  at  the  same  time  assiduously  engaged  in  private 
medical  teaching,  as  an  examiner  in  connection  with  the  courses  of  the 
University  of  Pennsylvania,  and  in  giving  lectures  upon  medical  chemistry 
and  connected  subjects.  In  1870  the  faculty  of  the  University  appointed 
him  its  lecturer  on  Physical  Diagnosis.  His  first  course  of  lecturefe  was 
interrupted  by  illness,  which  prevented  his  ever  resuming  the  duties  of  a 
public  instructor. 

In  the  same  year,  a  number  of  gentlemen  proposing  to  establish  a  new 
medical  journal, — The  Philadelphia  Medical  Times,— its  editorship  was 
unanimously  offered  to  Dr.  Rhoads.  This  duty,  which. enlisted  all  his 
zeal,  and  would  have  illustrated  admirably  his  professional  learning  and 
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tact,  he  was  obliged  to  forego  on  account  of  his  failure  in  health,  which, 
after  great  suffering  for  several  months,  ended  his  life  January  15,  1871. 

In  private  practice,  Dr.  Khoads  was  rapidly  gaining  the  confidence  and 
success  which  his  skill  and  acquirement  deserved  ;  as  well  as  the  warm 
and  grateful  attachment  of  many  families, — which  remains  in  commemora- 
tion of  his  virtues,  more  faithful  than  any  eulogy,  and  more  endur- 
ing than  any  monument.  He  was  elected  to  membership,  besides  the 
Philosophical  Society,  in  the  Philadelphia  College  of  Physicians,  of  which 
he  was  Recording  Secretary,  the  Academy  of  Natural  Sciences,  and  the 
Pathological  Society.  To  the  proceedings  of  the  latter  he  contributed  a 
number  of  papiers.  He  wrote  for  the  American  Journal  of  the  Medical 
Sciences  several  reviews,  showing  a  quick  critical  apprehension,  a  large 
acquaintance  with  medical  science  and  literature,  and  an  excellent  com- 
mand of  language.  He  assisted  Dr.  J.  F.  Meigs  in  the  preparation  of  an 
elaborate  paper,  published  in  the  first  volume  of  the  Pennsylvania  Hos- 
pital Reports,  1868,  on  **Th6  Morphological  Changes  of  the  Blood  in 
Malarial  Fever."  With  Dr.  W.  Pepper,  he  contributed  to  the  same  vol- 
ume the  results  of  an  extended  inquiry  into  the  **  J^'luorescence  of  the 
Tissues  of  the  Human  Body,  especially  in  connection  with  Malarial 
disease  and  the  action  of  Quinia."  The  scientific  spirit  which  animated 
all  his  professional  labors,  and  which  he  brought  to  the  investigation  of 
the  great  problems  of  Pathology  and  therapeutics,  thus  elevating  the  vo- 
cation of  the  physician  far  above  routine,  was  well  exemplified  in  this 
paper.  Its  preparation  was  suggested  by  the  remarkable  observation  of 
Bence  Jones,  by  whom  a  fluorescence  resembling  closely  that  of  a  solution 
of  quinine  was  fbund  to  occur  in  solutions  of  the  tissues  of  animals  which 
had  taken  none  of  that  substance.  A  peculiar  fluorescent  organic  princi- 
ple was  here  inferred  to  be  a  normal  constituent  of  the  animal  body  ;  and 
to  this  Bence  Jones  applied  the  name  of  **  Animal  Quinoidine."  It  was 
not  an  irrational  hypothesis,  that  the  systemic  effects  of  the  malaiial 
poison  may  be  attended  by  an  injurious  deficiency  of  this  material  ;  and 
that  quinine,  or  the  other  extractives  of  Peruvian  b^,rk,  may  be  remedial 
for  the  disease,  by  supplying  the  system  with  its  equivalent. 

Drs»  Rhoads  and  Pepper  undertook  first,  to  ascertain  whether,  by 
chemical  and  spectroscopic  analysis,  there  could  be  shown  to  be  a  marked 
diminution  in  the  amount  of  animal  quinoidine  in  the  body  under  the  in- 
fluence of  malarial  disease.  They  also  gave  attention  to  the  effect  upon 
the  animal  fluorescence  produced  by  the  treatment  of  the  attack  by  sul- 
phate of  cinchonia.  The  interesting  result  was  arrived  at  by  a  series  of 
careful  and  exact  determinations,  that  there  is,  uniformly,  a  close  con- 
nection between  malarial  disease  and  the  diminution  of  *'  animal  quinoi- 
dine ;"  and  that  this  connection  is  apparent,  not  only  in  the  presence  of  a 
fully  developed  paroxysm  of  fever,  but  also  when  the  system  is  more  in- 
sidiously, though  often  very  seriously,  affected  by  the  morbid  cause. 

The  same  exact  inquiry  into  evidence,  with  the  aim  to  discover  and  es- 
tablish truth,  was  applied  by  Dr.  Rhoads  in  his  consideration,  both  tlico- 
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retical  and  practical,  of  the  highest  topics,  not  only  of  science,  but  of 
philosophy.  Contented  to  accept  no  truth  upon  the  evidence  of  mere  tra. 
dition  or  hnman  authority,  his  opinions  upon  religious  subjects,  being 
those  held  by  the  Society  of  Friends  of  which  he  was  a  member,  were  the 
result  of  deliberate  and  strong  conviction.  His  fine  critical  faculty  was 
brought  to  bear  upon  the  recent  Biblical  and  anti>Biblical  controversies, 
represented,  upon  the  one  side,  in  different  modes,  by  Strauss,  Bauer> 
Comte,  Kenan  and  Buckle.  In  several  essays,  prepared  for  special  occa- 
sions, only  one  of  which,  however,  has  been  pubhshed,  he  displayed  a 
calm  mastery  of  these  topics,  an  amount  of  knowledge  and  force  of  argu- 
ment, such  as  might  be  looked  for  rather  in  a  professed  theologian  than 
in  an  active  member  of  the  medical  profession. 

With  all  who  knew  Dr.  Edward  Rhoads,  however,  his  intellectual  en- 
dowments, though  great,  were  always  perceived  to  be  subordinated  to 
moral  qualities  more  rare  and  admirable.  From  early  youth,  purity  of 
life,  unselfishness^  refinement  and  elevation  of  mind,  were  his  marked 
characteristics.  Few  examples  so  spotless  are  met  with  in  any  profession 
or  sphere  of  life.  In  the  large  assembly  which  met  at  his  funeral,  words 
spoken  by  several  who  knew  him  well,  and  whose  standard  of  character 
was  high,  were  such  as  might  fulfil  the  aspirations  of  the  most  saintly  of 
men,  and  which  very  few,  indeed,  could  deserve^ 


Stated  Meeting,  Oct,  20, 1871. 
Present,  nine  members. 
Curator,  Dr.  Carson,  in  the  chair. 
A  letter,  acknowledging  receipt  of  No.  86  proceedings,  was 
received  from  the  University  of  the  City  of  New  York. 

Donations  for  the  Library  were  received  from  the  Revue 
Politique ;  the  Astronomer  Royal  of  England ;  the  Editors 
of  Nature;  the  R.  Institute  of  Cornwall;  Thomas  P.  James, 
Esq-;  the  Editor  of  the  Old  and  New  ;  the  American  Chemist ; 
American  Journal  of  Medical  Sciences,  and  Medical  News 
and  Library. 

A  letter  was  read  from  Professor  Cope  to  the  Secretary, 
dated  Fort  Wallace,  Kansas,  10th  month  9,  1871,  giving  a 
preliminary  report  of  his  expedition  into  the  Valley  of  the 
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Smoky  Hill  river,  Kansas,  and  descriptions  of  new  fossil  sau- 
roids  and  Chelonians  discovered  and  collected  there. 

Pending  nominations  No.  679  and  new  nominations,  Nos. 
680  and  681  were  read,  and  the  meeting  was  adjourned. 


FoBT  Wallace,  Kansas, 
October  9th,  1871. 
My  Dear  Prof,  Lesley : — 

I  write  to  give  a  brief  account  of  the  expedition  of  seventeen  days, 
which  I  have  just  made  in  the  valley  of  the  Smoky  Hill  river  in  Kansas. 
Through  the  courtesy  of  Gen.  Jno.  Pope,  commanding  the  Department 
of  the  Missouri,  I  was  furnished  with  an  order  on  the  post  commandant  at 
Fort  Wallace  for  a  suitable  escort.  This  was  furnished  by  Capt.  E. 
Butler  (5th  infantry),  who  spared  no  pains  to  make  the  expedition  a 
success. 

We  first  camped  at  a  spring  eighteen  miles  south  of  Fort  WaUace,  and 
Ave  miles  south  of  Butte  Creek.  It  had  a  fine  flow  of  water,  and  being 
without  name  I  called  it  Fossil  Spring.  On  a  bluff,  on  Butte  Creek, 
Lieut.  Whitten  discovered  the  fragments  of  a  monster  saurian  projecting 
from  the  shale,  and  on  following  the  bones  into  the  hill,  exhumed  a  large 
part  of  the  skeleton  of  Liodon  dyspelor  Cope  (pFOceeds.  A.  P.  8.  for  1870). 
This  was  welcome,  as  the  species  had  been  previously  known  from  ver- 
tebrsB  only.  The  pelvic  arch  was  found  perfectly  preserved,  and  the 
scapular  arch  and  limbs  partially  so.  The  iliac  bone  is  slender  and  straight, 
slightly  expanded  at  the  acetabulum.  The  ischium  has  a  somewhat 
similar  form,  but  is  curved.  The  axis  of  the  proximal  portion  is  directed 
upwards ;  the  shaft  then  turns  into  a  horizontal  direction,  and  lies  be- 
neath and  at  one  side  of  the  vertebral  column  without  uniting  with  its 
fellow.  The  pubes  are  elongate,  but  wider  than  the  other  elements  and 
flattened.  They  are  in  contact  in  front  medially,  and  have  an  angulate 
axis.  A  short  process  projects  from  near  the  proximal  end,  on  the  ex- 
terior margin.  The  femur  is  a  flat  bone,  slightly  constricted  medially, 
and  with  a  decurved  and  projecting  portion  of  the  proximal  articular, 
surface  on  the  inner  side  representing  a  head.  The  extremities  of  the 
dentary  bones  are  each  drawn  to  an  acute  point  difleriug  thus  toto  coelo 
from  those  of  the  L,  proriger. 

On  the  same  bluff  another  Liodon  and  a  Clidaaies  were  found,  with  five 
species  of  fishes. 

On  examining  neighboring  blufifs  and  denuded  areas,  bones  supposed 
to  be  those  of  Pterodactyle^  two  species  of  Glidastes,  a  Dinosaur^  a  Ci^oeo- 
dile,  and  numerous  fishes  were  brought  to  light. 

In  a  similar  location  on  Fox  Creek  canon,  one  of  the  escort,  Martin  V. 
Hartwell,  to  whom  I  am  indebted  for  many  fine  discoveries,  observed  the 
almost  entire  skeleton  of  a  large  fish,  furnished  with  an  uncommonly 
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powerful  offensive  dentition.  The  jaws  were  stout,  the  dentary  bone 
very  deep.  The  teeth  in  a  single  row  in  all  the  bones,  but  of  irregular 
sizes.  There  are  two  or  three  very  large  canines  in  each  maxillary,  and 
one  in  the  premaxillary,  three  or  four  in  the  dentary  separated  by  an 
interval.  The  lack  of  coronoid  bone  and  many  other  characters  show 
that  it  should  be  referred  to  the  order  Isospondali,  and  is  probably  allied 
to  the  herring  and  the  Saurodontidae.  The  vertebrae  are  grooved,  and 
there  is  a  basi-occipital  tube  but  little  developed.  The  teeth  are  simple 
cylindric  conic,  with  smooth  enamel,  and  project  two  inches  above  the 
alveolar  border,  and  each  descends  an  inch  into  its  alveolus.  The  species 
and  genus  are  new  to  our  palaeontology,  and  may  be  named  Portheus 
molo8su8.  It  turned  out  on  subsequent  exploration  to  have  been  quite 
abundant  in  the  Cretaceous  seas.  It  was  probably  the  dread  of  its 
cotemporaries  among  the  fishes  as  well  as  the  smaller  saurians. 

On  another  occasion,  we  detected  unusually  attenuated  bones  projecting 
from  the  side  of  a  low  bluff  of  yellow  chalk,  and  some  pains  were  taken 
to  uncover  them.  They  were  found  to  belong  to  a  singular  reptile,  of 
affinities  probably  to  the  Testudinata,  this  point  remaining  uncertain. 
Instead  of  being  expanded  into  a  carapace,  the  ribs  are  slender  and  flat. 
The  tubercular  portion  is  expanded  into  a  transverse  shield  to  beyond  the 
capitular  articulation,  which  thus  projects  as  it  were  in  the  midst  of  a  flat 
plate.  These  plates  have  radiating  lines  of  growth  to  the  circumference, 
which  is  dentate.  Above  each  rib  was  a  large  flat  ossification  of  much 
tenuity,  and  digitate  on  the  margins,  which  appears  to  represent  the  dermo- 
ossification  of  the  Tortoises.  Two  of  these  bones  were  recovered,  each 
two  feet  across.  The  femur  resembles  in  some  measure  that  ascribed 
by  Leidy  to  Platecarpus  tympaniticus,  while  the  phalanges  are  of  great 
size.  Those  of  one  series  measured  eight  inches  an^a  half  in  length,  and 
are  very  stout,  indicating  a  length  of  limb  of  seven  feet  at  least.  The 
whole  expanse  would  thus  be  twenty  feet  if  estimated  on  a  Chelonian  basis. 
The  proper  reference  of  this  species  cannot  now  be  made,  but  both  it  and 
the  genuss  are  clearly  new  to  science,  and  its  affinities  not  very  near  to 
those  known.  Not  the  least  of  its  peculiarities  is  the  great  tenuity  of  all 
the  bones.    It  may  be  called  Protosiega  gigas. 

The  greater  part  of  a  large  Liodon  proriger  Cope  was  found  scattered 
over  a  denuded  surface  at  one  point,  his  huge  truncate,  bowsprit-like 
snout,  betraying  his  individuality  at  once.  Portions  of  other  examples 
of  this  reptile  were  afterwards  found.  Remains  of  several  species  of  Cli- 
dastes  occurred  at  various  points  in  the  neighborhood  of  J?  ossil  Spring. 
One  was  found  in  the  side  of  a  bluff  fifty  feet  above  the  bottom  of  the 
canon ;  Martin  Hartwell  exhumed  another  near  the  C.  eineriarum  Cope 
almost  complete. 

We  subsequently  left  this  locality  and  encamped  at  Russell  Springs  on 
the  Smoky  Hill,  twenty-six  miles  distant.  On  the  way  a  large  Clidastes 
of  some  forty  or  more  feet  in' length  was  found  lying  on  a  knoll  of  shale, 
with  the  head  displaying  the  palatal  surface  upwards.    On  the  Smoky 
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our  explorations  were  attended  with  success.  Wlien  we  shifted  camp,  it 
was  to  go  to  Eagle  Tail  in  Colorado,  whence  we  returned  again  to  Fossil 
Spring.  The  richness  of  this  locality  was  again  apparent,  and  we  added 
to  our  collection  a  number  of  species.  Among  these  may  be  mentioned 
Liodon  ictericus  Cope  and  two  new  ClidasUs.  The  writer  originally  pointed 
out  the  existence  of  representatives  of  the  orders  Pythonomorjpha  and 
Sauropterygrtiy  in  this  cretaceous  basin.  Prof.  Marsh's  explorations 
determined  the  existence  of  Ornithosanria  and  CrocodUia.  The  present 
investigation  adds  Dinosauria  and  perhaps  Testvdinata,  or  the  group  that 
the  new  form  Protoatega  Cope  represents. 

The  preceding  account  expresses  some  of  the  points  of  interest  observed. 
These,  with  others,  now  unnoticed,  will  be  included  in  a  final  report. 

The  giskutsoi this  se9,  "^ere  the  Liodon  proriger J  Cope,  "L.  dyspelor,  Cope, 
Polycotylus  latipinnin.  Cope,  and  Elasmosaurus  platyurus,  Cope.  Of 
these  the  first  was  apparently  the  most  abundant.  The  second  was  the 
most  elongate,  exceeding  iu  length  perhaps  any  other  known  reptile. 
The  last  named  had  the  most  massive  body,  and  exhibited  an  extraordi- 
nary appearance  in  consequence  of  the  great  length  of  its  neck. 

For  kind  assistance,  I  am  much  indebted  to  Capt.  Edwin  Butler,  post 

commandant  at  Fort  Wallace,  to  Dr.  W.  H.  King,  post  surgeon,  and  to 

Capt.  Wyllys  Lyman.     To  Lieut.  Jas.  H.  Whitten  and  Sergeant  W. 

Gardner,  who  accompanied  the  expedition,  much  of  its  success  is  also  due. 

I  am,  etc.,  EDW.  D.  COPE. 


Seated  Meeting,  Nov.  Sd,  1871. 

Present,  eleven  members. 

Vice  President,  Cressox,  in  the  chair. 

Letters  of  envoi  were  received  from  the  societies  at  Eiga 
Chemnitz,  Wiesbaden,  Lyons  and  Copenhagen,  the  University 
of  Norway,  and  the  Eoyal  Geographical  Society  at  London. 

Letters  of  acknowledgment  were  received  from  the  Nassau 
N.  History  Union  at  Wiesbaden,  (Proceedings  78-88,)  and 
the  Imperial  Society  of  Agricultare  and  Natural  History  at 
Lyons,  July  20,  (78-81,)  requesting  the  completion  of  their 
series,  wliich,  on  motion,  was  so  ordered. 

Donations  for  the  Library  were  received  from  the  Societies 
at  Riga,  Cliemnitz,  Gorlitz,  Wiesbaden,  Lausanne,  Lyons, 
Liverpool,  Ghisgow  and  Salem,  Mass.,  the  Berlin  Academy, 
Geological  Society,  and  ArchoBological  Institute,  the  Austrian 
Geological  Institute,  Anthropological  Society,  Herr  von  Hauer, 
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Mr.  Neumeyr  and  Dr.  Emanuel  Bunzel,  the  Danish  Antiqua- 
rian Society,  the  Norwegian  University,  the  Revue  Politique, 
M.M.  Delesse  and  Lapparent,  the  British  Association,  Meteo- 
rological Office,  Meteorological,  Geographical,  Chemical,  Geo- 
logical, Zoological  and  Antiquarian  Societies  of  London,  the 
Editors  of  Nature,  the  American  Journal  of  Science  and  Art, 
the  Protestant  Episcopal  Diocesan  of  Pennsylvania,  and  the 
Chief  of  Engineers  of  the  U.  S.  Army. 

The  death  of  Sir  R.  1.  Murchison,  in  the  eightieth  year  of 
his  age,  at  London,  on  the  23d  instant,  was  announced  by  the 
Secretary. 

The  loss  by  shipwreck,  in  a  recent  storm,  on JJake  Superior, 
of  James  T.  Hodge,  a  member  of  the  society,  was  announced 
by  Secretary,  with  appropriate  remarks. 

Prof  Cope  made  some  general  observations  on  the  extinct 
Batrachian  Fauna  of  the  Carboniferous  of  Linton,  Ohio.,  based 
on  studies  of  material  obtained  by  Prof  J.  S.  Newberry,  Di- 
rector of  the  Geological  Survey  of  Ohip. 

Twenty-seven  species  had  been  discovered  up  to  the  present  time, 
and  not  one  of  them  was  a  reptile  ;  twenty-three  of  these  were  referred 
to  the  foUowing  genera :  Pelion,  Wyman,  1 ;  Sauropleuray  Cope,  3 ;  Tu- 
ditanus.  Cope,  4 ;  BrachydecUB,  Cope,  1 ;  Oe'stocephaluSf  Cope,  6 ;  Cocp- 
tinus,  Cope,  1  ;  Molgophis,  Cope,  1;  Phlegethontia,  Cope,  2;  Oolosteus, 
Cope,  3 ;  Bury  thorax,  Cope,  1. 

Tuditanus,  Cocytinus  and  Phlegethontia  were  described  as  new  genera. 
The  first  represented  Dendrerpeion,  but  possessed  the  usual  three  thoracic 
shields,  a  character  not  yet  found  in  the  former  genus. 

Phlegethontia  embraced  slender  snake -like  forms  allied  to  Molgophis, 
but  without  ribs.  Cocytinus  was  a  branchiferous  genus  having  four 
branchihyal  bones,  two  basals  branchihyals  and  two  ceratohyals  on  each 
side,  and  with  conic  teeth  in  the  anterior  portion  of  the  mandible  only, 
on  an  expansion  or  dental  plate.     Limbs  none  in  front. 

Oestocephalus  was  defined  as  having  the  three  pectoral  shields,  poste- 
rior Umbs  only  present  and  weak  ;  head  lanceolate  ;  ventral  armature  of 
packed  osseous  rods  en  chevron;  neural  and  haemal  spines  of  caudal 
vertebrae  expanded  and  fan- like.  The  six  species  were  enumerated,  viz  : 
0.  remeXf  Cope,  0.  pectinatus,  C,  0,  marshii,  C,  0,  curvidens,  C,  0. 
mneheUianu8,  C.,  0,  serrula,  C,  the  last  three  being  new  to  science. 
Other  new  species  were  described,  as  /Sauropleura  longipes,  C,  and  8. 
brevipeSj  C,  Tuditanus  brevirostria,  C,  T,  mordax,  C,  and  T,  radiatus, 
C,  Cocytinus  gyrinoides,  C,  Phlegethontia  linearis,  C,  was  indicated  as  a 
species  with  lanceolated  head,  no  ribs,  a  very  elongate  tail,  and  without 
limbs  or  ventral  or  thoracic  armature.  Phlegethontia  serpens,  C,  was 
a  larger  species.  A  new  Colosteus,  C.  pauciradiatus  was  added,  aud  an 
allied  form  described  as  Eurythorax  sablaevis.  The  pectoral  median 
shield  is  subround  and  nearly  smooth,  and  belonged  to  an  animal  of  four 
feet  in  length. 

Sauropleura,  Cocytinus,  Molgophis,  Phlegethontia  were  enumerated  as 
genera  in  which  pectoral  shields  had  not  been  observed,  and  Pelion  and 
Tuditanus  were  characterized  as  the  broad-headed  types. 
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Cyclical  Rainfallb  at  LUhon, 

Bt  Flint  Earlb  Chabe. 

Bead  before  the  American  Philoiophical  Society,  Aug.l^,  1871. 

The  more  strongly  marked  and  decisive  character  of  the  curves  of  lunar 
monthly  rainfaU^  in  Philadelphia  than  in  Great  Britain,  (ar^te  v.  x.,  pp. 
523-34,)  rendered  me  desirous  of  obtaining  observations  from  some  Euro- 
pean station  in  lower  latitude.  The  intimation  of  that  desire  to  the 
Director  of  the  '<  Observatorio  do  Infante  Dom  Luiz,"  at  Lisbon,  vras 
promptly  followed  by  the  transmission  of  a  copy  of  observations  extend- 
ing over  a  period  of  sixteen  years,  which  is  herewith  presented.  I  also 
submit  some  of  the  tabulated  results  of  such  discussion  of  the  observa- 
tions as  I  have  already  undertaken,  which  appear  to  me  to  corroborate, 
in  a  most  satisfaotory  manner,  the  views  I  have  hitherto  advanced  resx>ect- 
ing  the  meteorological  influence  of  the  moon.  Some  of  the  tables  also 
afford  interesting  indications  of  a  somewhat  similar  planetary  influence, 
sufficient,  as  it  seems  to  me,  to  encourage  further  investigation. 

One  of  the  objections  most  often  urged  against  the  acknowledgment  of 

TABLE  L  ' 

Diff^T'^^  C'^d  non-correspondent  RainfalUi  at  Lisbon,  in  Lunar  and  Solar  periods, 
from  December  1, 1854,  to  December  1, 1870.  i2.= TotOL  fall ;  N.=Nomial  percent- 
age of  rain 
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any  appreciable  lunar  or  planetary  influence  upon  rainfall  or  other  atmo- 
spheric phenomena,  is  based  on  the  different,  and  sometimes  contradictory, 
results  obtained  by  different  investigators,  from  observations  in  different 
places  and  at  different  times ;  another  arises  from  the  difficulty  of  con- 
ceiving any  tidal  or  other  force  adequate  for  the  production  of  any  con- 
siderable disturbance.  Nevertheless,  such  of  the  objectors  as  are  familiar 
with  Howard's  discussion  of  the  moon's  influence  upon  the  barometer; 
Sabine's,  of  lunar  disturbances  of  terrestrial  magnetism;  or  Schwabe's  and 
Wolf's,  of  the  dependence  of  sun-spots  upon  planetary  configurations, 
seem  to  admit — at  least  I  am  not  aware  that  any  of  them  deny — the  prob- 
ability of  the  conclusions  which  those  eminent  observers  have  severally 
expressed. 

If  it  is  conceivable  that  Saturn,  Jupiter  and  Venus  can  in  any  way 
affect  the  cloudiness,  or  amount  of  spotted  surface  of  the  the  sun,  not- 
withstanding the  immense  preponderance  of  his  attractive,  magnetic  and 
other  supposable  forces,  it  is  surely  much  more  easy  to  imagine  that  they 
may  similarly  affect  the  meteorologic  phenomena  of  the  earth,  which  op- 
poses an  antagonizing  mass  only' ^^^^^^  (according  to  Newcomb's  esti- 
mate) as  great  as  that  of  the  sun.  If  the  lunar  tideB  of  our  atmosphere 
are  of  sufficient  magnitude  to  affect  the  barometer,  the  consequent  waves 
must  effect  a  blending  of  aerial  currents  of  different  temperatures  and 
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Correspondent  RainfaUs  at  Lisbon,  in  Lunar  and  Solar  periods . 
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different  degrees  of  humidity;  and  in  consequence  of  the  stratification  of 
the  upper  and  lower  winds,  this  blending  offers  a  unique  opportunity  foi 
the  practical  study  of  the  opposite  tidal  tendencies  in  deep  and  shallow 
fluid  seas  or  envelopes.  If  the  lunar  are  as  unmistakable  as  the  solai 
modiflcatious  of  magnetic  phenomena,  the  analogies  which  have  been 
pointed  out,  by  Messrs.  Baxendell  and  Bloxam  between  magnetic  and 
pluvial  and  by  myself  between  pluvial  and  auroral  curves,  are  indicative 
of  other  possible  lunar  influences  which  are  equally  unmistakable.  If  the 
difficulty  of  conceiving  an  adequate  cause  for  a  supposed  phenomenon  were 
to  deter  us  from  inquiring  whether  an  apparent  dependence  were  real  oi 
illusory,  all  progress  in  science  would  become  impossible.  Finally,  if  it 
can  be  shown  that  solar  rain- curves  exhibit  different,  and  often  contra- 
dictory inflections,  similar  to  those  .which  are  objected  to  in  the  lunai 
curves,  and  if  a  consistency  of  disagreement  can  be  shown  between  the 
lunar  results  at  two  given  stations,  accompanied  by  a  consistency  of  agree- 
ment between  the  results  in  different  cycles  at  the  same  station,  the  ar- 
gument from  apparent  contradiction  will  be  deprived  of  all  its  force. 

I  have  no  hope  of  thoroughly  convincing  any  one  who  is  skeptical  oi 
lunar  influence  on  the  weather  by  deductions  from  observations  at  one 
or  two,  or  a  half  dozen  stations,  but  I  believe  that  any  one  who  will  ex- 
amine, carefully  and  impartially,  the  tables  I  have  already  published, 
based  on  observations  in  India,  Great  Britain,  Portugal,  Canada  and 
different  portions  of  the  United  States,  will  at  least  be  willing  to  admit 


TABLE   III. 

Lisbon  RainfaU  in  Synodic  yeats  of  Jupiter, 


&'  i 

1 sr 

2 127 

3 Ill 

4 98 

6 89 

6 81 

7 79 

8 88 

9 110 

10 139 

11...- 156 

12 146 

13 119 

14 99 

15 99 

16 108 

17 .;...  109 

IH 96 

19 80 

20 67 

21 63 

22 45 

23 4...  63 

24 72 

25 84 

26 83 

27. 86 

28 106 

29 132 

30 145 


4 

tf 

S3 

•-3 

g 

fld 

4 

o 

f- 

^ 

< 

s 

1 

s 

< 

5 

177 

45 

139 

70 

110 

117 

148 

41 

121 

74 

93 

1C5 

101 

49 

87 

78 

90 

8( 

65 

70 

62 

79 

94 

76 

48 

99 

?J 

78 

97 

76 

43 

128 

80 

96 

8] 

43 

146 

,  78 

89 

102 

88 

45 

151 

84 

96 

112 

96 

45 

150 

95 

97 

117 

102 

45 

143 

106 

103 

112 

108 

44 

141 

105 

121 

121 

112 

39 

164 

90 

137 

143 

116 

36 

165 

77 

133 

151 

112 

37 

146 

74 

115 

124 

98 

37 

112 

83 

94 

81 

S4 

36 

100 

100 

89 

51 

81 

45 

114 

113 

104 

46 

8£ 

68 

132 

117 

125 

60 

99 

98 

138 

121 

131 

79 

108 

123 

127 

126 

115 

8rt 

110 

131 

101 

117 

91 

79 

99 

129 

73 

95 

78 

76 

86 

ii 

68 

79 

87 

91 

84 

68 

79 

111 

112 

96 

168 

60 

95 

127 

114 

107 

196 

60 

117 

123 

99 

112 

200 

61 

128 

110 

93 

113 

191 

64 

125 

100 

110 

115 

183 

61 

124 

90 

130 

120 

183 

53 

133 

76 

130 

122 

Digitized  by  CjOOQ IC 


1871.] 


181 


[Chase. 


that  the  question  is  an  open  one.  And  if  he  will  compare  my  previous 
tabulations  with  those  which  accompany  the  present  paper,  he  may,  per- 
haps, find  any  lingering  skepticism  shaken,  however  prejudiced  or  ^invet- 
erate it  may  be. 

For  convenience  of  comparison,  I  represent,  in  each  instance,  the  mean 
rainfall  for  the  entire  period  under  consideration  by  100,  and  any  devia- 
tion from  the  mean,  whether  of  excess  or  deficiency,  is  denoted  by  the 
addition  or  subtraction  of  a  corresponding  percentage.  The  smoothing 
by  successive  means  is  uniform  in  all  the  tables.  I  invite  special  atten- 
tion to  the  columns  of  lunar  rainfall  at  Lisbon,  in  each  of  the  first  two 
tables,  representing  two  different  sets  of  three  independent  periods,  averag- 
ing 64  months,  a  cycle  which  I  have  hitherto  supposed  too  short  to  yield 
any  satisfactory  results.  If  there  is  no  causal  nexus,  it  is  difficult  to  imagine 
any  possible  reason  for  the  striking  similarity  between  the  ordinates  for 
the  different  cycles,  a  similarity  which  I  think  quite  as  striking  as  that 
between  the  solar  curves  at  the  same  station  for  independent  periods  of 
similar  duration.  If  the  lunar  disturbances  are  considered  as  merely 
tidal,  while  the  solar  are  partly  tidal,  but  principally  thermal,  their  rela- 
tive magnitudes  suggest  interesting  comparisons  between  centrifugal  and 
centripetal  forces,  analogous  to  those  which  I  have  hitherto  had  the 
honor  of  presenting  to  the  Society.  * 

The  resemblance  between  the  independent  curves  in  Table  III.  is  not 
vei^y  marked  ;  but  the  yearly  mean  is  curiously  like  the  yearly  averages  of 
the  lunar  monthly  ordinates  in  Tables  I.  and  II.,  if  we  construct  the 
curves  so  as  to  compare  the  ordinate  of  Jupiter's  opposition.  No.  16,  with 
the  ordinate  of  lunar  conjunction.  No.  1,  and  liice  vend. 


^^  — 

OS  June. 

1 123" 

2 Ill 

3 92 

4 77 

6 69 

6 71 

7 79 

8 84 

9 80 

10 68 

11 66 

12 5ft 

13 66 

14 92 

15 131 

Ifi 172 

17 186 

IH 162 

19 123 

20 98 

21 90 

22 92 

23 102 

24 118 


TABLE    IVi 

Comparative  Daily  and  Yearly  RainfaUi. 

PHILADELPHIA.  OKEENWIGH. 


Averge  Ave'ge 
Dec.     April.     Oct.     Daily.  Aniiu'l.  Jan.     July.    April. 


Oct. 


92 
78 
72 
71 
71 
73 
81 
95 
102 
96 
87 
85 
90 
100 
116 
136 
144 
133 
113 
102 
106 
119 
124 
112 


120 

130 

127 

118 

103 

86 

77 

78 

78 

70 

6i 

67 

74 

82 

94 

111 

124 

124 

122 

125 

123 

106 

93 

101 


114 

112 

103 

97 

106 

105 

105 

110 

125 

140 

143 

IXS 

117 

93 

71 

68 

66 

66 

65 

79 

97 

106 

107 

109 


91 
91 
93 
98 
105 
110 
113 
113 
112 
109 
105 
102 
103 
106 
109 
108 
104 
98 
92 
87 
85 
87 
90 
91 


92 
89 


91 

94 

99 

105 

110 

113 

112 

110 

109 

111 

112 

108 

101 

95 

91 

95 

96 

96 

96 

95 


53 

92 

120 

99 

54 

103 

143 

126 

63 

107 

169 

148 

66 

112 

179 

146 

64 

118 

155 

122 

65 

129 

110 

9^ 

'72 

139 

74 

82 

74 

140 

60 

75 

72 

136 

59 

79 

78 

13:5 

63 

85 

99 

128 

a5 

82 

127 

109 

66 

72 

141 

89 

72 

«5 

131 

94 

86 

66 

111 

126 

101 

76 

97 

148 

115 

97 

98 

179 

125 

121 

116 

88 

124 

133 

145 

66 

111 

129 

170 

40 

90 

121 

173 

30 

73 

112 

150 

32 

66 

98 

110 

49 

76 

85 

72 

73 

98 

84 
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[Aug.  18, 


The  tendency  to  opposition  between  rainfall  curves  on  opposite  sides  of 
the  Atlantic,  of  which  I  have  already  submitted  some  illustrations  to  the 
Society  {antet  P-  38,  &c.)»  is  interestingly  shown  near  the  solstitial  and 
equinoctial  periods,  by  Table  IV.*  Columns  6  and  7  of  the  same  table 
indicate  a  similarity  between  the  curves  of  daily  and  annual  rainfall  at 
Philadelphia,  which  lends  additional  interest  to  my  comparison  of  pluvial 
and  auroral  curves  (an^,  pp.  121-22). 

Explanation  of  Figurbb. 

The  horizontal  lines  represent  the  average  rainfall ;  each  vertical  space 
represents  a  deviation  of  .2  of  the  mean  value ;  each  horizontal  space 
represents  two  days  in  the  abscissas  of  the  lunar  curves,  or  ^x  of  a  year 
in  the  abscises  of  the  solar  curves.  The  lunar  curves  begin  and  end  with 
the  day  of  new  moon  ;  the  solar  curves  with  January  1. 


nviKfM 


iKSi 


mi 


;i 


Fig.  1. — Lunar  Curves, 

December  to  March,  inclusive  ;  continuous  line. 
April  to  July,  inclusive  ;  broken  line. 
August  to  November,  inclusive  ;  dotted  line. 

Solar  Curves, 

1855,  '58,  '61,  '64,  '67,  '70 ;  continuous  line. 

1856,  '51),  '62,  '65,  '68;  broken  line. 

1857,  '60,  '63,  '66,  '69 ;  dotted  line. 

Fi§.  2. 
1 855-' 60  ;  continuous  line. 
1861-*65  ;  broken  line. 
1866-'70 ;  dotted  line. 

•  Published  by  permission  of  Prof.  Benjamin  Peirce,  Sapt.  U.  S.  Coast  Survey. 
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LISBON  RAINFALL. 


[Obs.  Inf.  D.  Lulz. 


Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

4.3 

4.3 

0.8 

16.5 

0.3 

26.2 

2 

26.7 

0.5 

1.1 

1.5 

29.8 

8 

1.9 

2.2 

0.5 

14.3 

2.2 

0.4 

21.5 

4 

4.9 

8.1 

19.5 

3.2 

13.2 

8.9 

57,8 

5 

8.6 

2.7 

2.3 

L3 

14.9 

6 

0.5 

6.7 

0.3 

7.6 

14.1 

7 

0.5 

4.0 

0.3 

0.6 

16.2 

21.6 

.A        8 

3.5 

3.3 

8.6 

6.5 

2L9 

S      9 
S     10 

7.6 

L3 

2.4 

62.8 

4.4 

68.5 

8.9 

13.2 

0.5 

2.2 

1.5 

26.3 

^'    11 

2.4 

0.3 

ai 

28 

«     12 

27.0 

27.0 

1     13 
^     14 

0.6 

238 

0.2 

13.0 

37.5 

0.3 

3.6 

2.2 

13  5 

19.5 

a  15 

8.6 

0.3 

a3 

2.7 

0.7 

12.6 

2     17 

0.6 

24.6 

16.2 

1.1 

42.6 

0.8 

2.6 

8.1 

17.0 

28.4 

^     18 

3.0 

19.2 

0.3 

63 

2.3 

311 

rH-       19 

2.4 

7.3 

4.3 

0.3 

0.3 

10.7 

25.3 

c5     20 

6.0 

Z.5 

9.5 

1     21 
O     22 

6.2 

n.i 

16.4 

337 

0.6 

14.3 

4.6 

3.8 

20.0 

11.9 

1U.9 

66.0 

23 

0.8 

6.6 

0.5 

0.8 

9.2 

13.0 

30.8 

24 

15.9 

0.6 

LO 

17.5 

25 

0.5 

2.7 

8,1 

5.6 

16.9 

26 

17.3 

18.9 

31.3 

« 

8.4 

76.9 

27 

19.7 

27.2 

3.0 

0.8 

0.5 

5.0 

56.2 

28 

LI 

0.5 

"i 

7.3 

4.0 

4.0 

16.9 

29 

9.7 

9.2 

14.6 

30.5 

6.6 

70.6 

30 

0.5 

0.8 

p,3 

0.8 

0.8 

2.0 

5.2 

31 

LI 

L3 

2.4 

Sum 

7.3 

55.9 

aL7.i 

126.5 

56.6 

90.6 

LI 

las 

0.8 

94.1 

198.6 

69.9 

930-9 

S- 


Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Total 

X 

S.& 

t6.fl 

6.2 

&1 

376 

a 

7.3 

:i.3 

3.2 

0.8 

14.6 

3 

30.6 

fl.9 

0.8 

0.6 

38.9 

4 

^6 

9.y 

1-3 

0.4 

15.2 

S 

28.3 

3.6 

0-1 

50.9 

83.1 

a 

9.4 

1     0.3 

0-1 

4.1 

13.9 

T 

S.6 

V^9 

7.7 

24.2 

a  1 

12.9 

3,B     11.8 

LI 

29.6 

9 

ri9 

0.2      2  4 

L5 

17.0 

10 

LO 

IL4 

LI      0.9 

14.4 

n 

L6 

G.2 

2.fi, 

10.4 

12 

6.0    e.T 

L9 

14.6 

IE    , 

CHS 

IQlH 

Ui 

7,6 

Z.5 

24.2 

14 

0.3 

hi 

1L7 

0.1 

17.8 

IS 

0.2 

6.8 

hA 

6,2 

24.6 

16 

flj    11.3 

L7 

434; 

57.1 

IT 

BX     OtS 

7.0    fisaS      0.3 

LO 

42.3 

1ft 

49 

4ag 

!3v4    1^1 

&2 

0.7 

68.2 

19 

0,8 

IflwT 

me; 

0.7 

37.0 

20 

27.5 

S-4 

1.8 

0.3 

L3 

39.3 

21 

3.4 

IL7 

LI 

1.1 

17.3 

22 

0.S 

0.5 

23 

0.3 

Le 

IS.  a 

0.3 

2.3 

22.8 

24 

as!     4^3 

4.1 1  16.6 

L6 

4.3 

33.5 

25 

3.7 

24.5* 

fl.O 

0.3 

34.8 

2B 

5.8 

7.9 

18.9,  Sn-9 

68.6 

27 

4e.« 

10 

5.5      iU 

9.2 

72.2 

2B 

L9 

as 

QM'     1.3 

L2 

0.1 

8.6 

31 

0,5      a.{) 

4.4 

4.3 

0.1 

12.9 

12.5 
1220 

29Lti 

5.3 

17-8 

Sam 

99ifi 

15L9 

131.9 

16.9 

0.0 

0.0 

8.5 

19.4 

66-7 

1   *■' 

912.9 
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Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

8ept 

Oct. 

Not. 

Total 

1 

2.4 

7.9 

3.6 

32 

17.7 

34.8 

2 

5.0 

&3 

0.6 

0.3 

a2 

0.9 

6.5 

21.8 

3 

8.5 

1.3 

5.0 

07 

LO 

27.6 

44.1 

4 

0.1 

1.3 

0.2 

1.3 

5.2 

8.1 

6 

10.5 

0.4 

0.3 

10.6 

21.8 

6 

3.0 

7.6 

0.5 

ILl 

7 

0.1 

1.1 

1.1 

7.6 

9.9 

1   » 

07 

66 

1.1 

0.7 

0.2 

9.3 

20.7 

39.5 

3.5 

1.3 

LO 

66.0 

1    10 

6.7 

300 

LI 

14.9 

LO 

L8 

555 

'^     11 

0.9 

1.4 

12.2 

1.3 

15.8 

i  12 

1     13 

2.0 

6.5 

0.2 

1 

87 

11.3 

4.8 

0.5 

3.2 

0.7 

2a5 

5     15 

0.5 

35 

0.1 

0.1 

0.7 

49 

12 

0.2 

0.6 

4.3 

6.3 

Sf     16 
S     17 

6.2 

10.0 

28.9 

45.1 

L9 

4.3 

15.6 

11.5 

33.3 

H-    1* 

7.4 

4.8 

12.0 

24.2 

r     19 

5.1 

17.5 

22.6 

S     20 
S     21 

0.3 

L7 

17.3 

5.9 

25.2 

5.0 

9.2 

0.2 

1.7 

2.0 

18.1 

22 

1.5 

1.9 

0.7 

LO 

•M 

23 

0.5 

0.2 

10.4 

25.9 

28.0 

65.0 

24 

8.1 

0.7 

11.1 

2^0 

0.3 

4.3 

0.6 

6L1 

25 

0.5 

6.5 

0.2 

1.5 

a2 

19.9 

12.0 

43.8 

26 

8.9 

1.2 

0.2 

2.4 

11.0 

1.0 

24.7 

27 

09 

0.5 

2.1 

0.9 

4.4 

28 

26 

LI 

0.3 

21.5 

25.5 

29 

6.2 

1.4 

,35.4 

43.0 

30 

12.2 

0.7 

8.1 

11.4 

27.4 

31 

5.8 

5.4 

4.0 

15.2 

Sum 

89.3i  55.4 

1J3.1 

69.0 

16.0 

67.2 

34.6 

0.21     33.1 

17.7 

82.7 

224.0 

812.3 

Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Total 

1 

30.5 

0.3 

0.2 

0.1 

3L1 

2 

t 

15.0 

0.2 

0.7 

15.9 

3 

2L1 

«.8 

iV2 

28.1 

4 

0.4 

8.8 

2.5 

7.5 

5.0 

17.3 

41.5 

5 

7.5 

0.6 

0.8 

a9 

6 

0.6 

0.6 

7 

4.8 

6.7 

4.8 

15.3 

og      8 

0.3 

33 

1.2 

48 

@      9 

8.1 

L4 

5.0 

40.5 

55  0 

10 

8.5 

6.0 

12.6 

37.2 

64.3 

-•     11 

10.0 

29 

0.1 

0.'4 

13.4 

i  12 

a  13 

a     14 

1S.3 

L8 

2.5 

0.2 

20.4 

43.2 

U.8 

7.8 

ae 

4.7 

4.7 

5     15 

2.0 

55.9 

67.9 

Bf    16 
2     17 

0.6 

0.6 

La 

12.0 

2L5 

6.7 

40.2 

U    18 

17.6 

0.2 

2.6 

7.5 

60.9 

88.8 

^.     19 

13,8 

305 

a8 

45.1 

1  20 

2  21 

4.0 

29.3 

2.3 

10.2 

45.8 

20.8 

0.2 

8.2 

Z.7 

32.9 

22 

14.7 

L9 

22.0 

38.6 

23 

L9 

8.4 

1 

17.1 

22.8 

50.2 

24 

67. 

1.1 

7.9 

26.9 

42.6 

25 

0.6 

0.2 

27.9 

28.7 

26 

9.6 

6.2 

14.6 

30.4 

27 

8.7 

4.0 

6.6 

6.3 

25.6 

28 

62 

7.0 

2.0 

15.2 

29 

2.9 

9.7 

12.6 

30 

2.0 

13.2 

15.2 

31 

5.7 

6.7 

Sum 

35.3 

"31.9 

157.0 

77.9 

lai 

22.2 

3.1 

0.1 

3.9 

51.7 

101.4 

414.5 

912.1 
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LISBON  BAINFALL. 


[Obs.  InL  D.  Luiz. 


pay. 

Dec 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Total 

1 

6.5 

2.2 

9.0 

11.7 

2 

0.3 

a2 

03 

8.3 

9.1 

3 

as 

as 

1.3 

9.8 

15.4 

4 

2as 

L2 

1.5 

2a3     46.3 

5 

2.9 

1.0 

4.4 

ao 

8.9 

6 

2.0 

ae 

12.2 

9.6 

244 

7 

6.0 

las 

as 

20.6 

i     9 

a5 

a4 

193 

23.2 

a9 

4.2 

&1 

1    10 

lae 

as 

08 

14.7 

-^   11 

a5 

a2 

20.0 

20.7 

§     12 

a2 

19.1 

7.9 

40.7 

67.9 

Q     IS 

9.8 

ia7 

as 

130 

1.5 

35.8 

Q     14 
5     15 

a5 

14 

6.2 

ai 

2.9 

a4 

12.2 

15.5 

S     16 
2     17 

25.4 

25.4 

2.0 

" 

ai 

a4 

9.8 

11.8 

^    18 

ia7 

28.1 

as 

as 

42.6 

't     19 

1  1? 

1.9 

19.3 

as 

22.0 

1.2 

5.3 

6.6 

20.7 

33.8 

1.8 

42 

6.1 

9.5 

21.6 

22 

17  3 

as 

2.7 

11.0 

4.2 

38.5 

23 

15.0 

a3 

ai 

1.6 

0.5 

17.5 

24 

3.1 

1.0 

8.7 

12.8 

25 

2ao 

23.0 

26 

0.2 

as 

ai 

0.6 

27 

18.0 

17.0 

as 

35.8 

28 

as 

ai 

a4 

1.7 

LO 

31.7 

3,\^ 

29 

4.1 

i9.y 

a4 

27.4 

30 

6.5 

1.0 

4.2 

12.4 

06 

23.7 

31 

as 

a7 

a3 

7.3 

Sumi 

73.1 

28.5 

26.4 

5.6 

104.6 

9L6 

7a5 

as 

as 

1.81 

229.0 

76.1 

708  3 

Day. 

Dec 

Jan. 

Feb. 

Mar. 

Ap. 

May 

June. 

July 

Aug. 

Sept 

Oct 

Nov. 

Total 

1 

a4 

25 

ai 

14.3 

2.7 

21 

22.1 

2 

12  6 

1.3 

63 

L7 

21.9 

3 

14.4 

7.7 

12.1 

34.2 

4 

2.4 

77 

ae 

107 

5 

6.3 

1.8 

ai 

6 

5.1 

a2 

a4 

12.5 

21.2 

7 

4.4 

ae 

80 

8      8 

1L2 

as 

a9 

1.5 

17.1 

i  ,« 

a4 

2.9 

4.7 

2.5 

6.3 

2.4 

19.2 

Z'  1? 

1.9 

1 

235 

25.4 

Z  ^1 

2.4 

L6 

9.8 

13  8 

§    12 

L6 

as 

2.0 

2.1 

1.5 

1.0 

as 

37.1 

1.3 

as 

14.8 

56.7 

o    14 

as 

2.7 

02 

a2 

r.    15 

ai 

5.2 

mi 

7.2 

22.6 

S    16 
»    17 

4.7 

14  8 

19  5 

4.6 

2.1 

a7 

4.9 

12.3 

^-    J8 

12.6 

LO 

12.2 

as 

1.5 

2ai 

6    S 

04 

7.0 

1.2 

ae 

11? 

6.1 

as 

ai 

13  0 

a2 

02 

22 

a7 

2.4 

1.0 

7.1 

23 

as 

a9 

1.2 

2.6 

24 

a3 

2.0 

4.5 

as 

1.2 

8.5 

25 

22.6 

ae 

12.7 

3a9 

5.7 

72.6 

26 

02 

15.5 

4.9 

20.6 

27 

a7 

2.3 

as 

12.0 

6.4 

24.9 

28 

4.6 

5.1 

1.2     as 

9.4 

24.1 

29 

a2 

7.7     a4 

16.3 

30 

ai 

a6 

2.8 

as 

31 

2.1 

ao 

a7 

SS" 

66.1 117.5 

27.3 

lao 

85.81 

17.7 

27.0'      2.5I 

lai    31.4!   ii.s'  144.4I 

5602 
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LISBON  RAINFALL. 
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Day. 

Dec. 

Jan. 

Feb. 

Blar. 

Ap. 

May. 

June. 

July 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

17.4 

L6 

0.3 

19  3 

2 

234 

LO 

12.6 

37.0 

3 

12.1 

6.2 

9.2 

27.5 

i 

4.4 

0.4 

4.8 

5 

4  3 

15.4 

0.5 

20.2 

6 

16.8 

LO 

3.2 

4.8 

24.8 

7 

28.5 

15  4 

L6 

45.5 

d       S 

17.6 

3.0 

7.2 

16.4 

441 

2       9 

1.2 

43.3 

44.5 

'I     10 

2.6 

19.7 

2.7 

25.7 

14.0 

64.7 

•:   11. 

1.2 

0.2 

2.9 

2.8 

7.9 

X      12 
5      13 

48 

0.8 

6.9 

m? 

2.6 

2.1 

6.1 

10.8 

Q            14 

n  15 

a3 

6.1 

S1.6 

a2 

2.6 

5.2 

45.9 

20.5 

5.6 

5.7 

36.3 

68.1 

8     IB 
S      17 

2.0 

LI 

163 

L2 

10.8 

7.2 

38.6 

18.6 

7.3 

4.2 

15.8 

45.8 

Ir     18 

1.3 

29.9 

6.4 

4.8 

42.4 

':    19 

0.8 

33 

1.3 

3.8 

L4 

lae 

S}      20 
S      21 

7.1 

9.4 

2.6 

31.6 

5a7 

6.0 

2.6 

4.0 

L3 

6.6 

2a5 

22 

10  4 

28.7 

1.6 

0.1 

40.8 

23 

6.4 

3.7 

2.8 

2.8 

^ 

15.7 

24 

30.3 

0.2 

4.0 

2.4 

0.4 

373 

25 

14.6 

3.7 

4.4 

22.7 

26 

0.3 

2.9 

0.6 

6.0 

0.4 

14.0 

1.2 

254 

27 

7.1 

13.8 

24.7 

6.8 

52.4 

28 

13.6 

1.0 

3L8 

6.6 

22.5 

74.5 

29 

1.0 

1.0 

0.2 

49 

7.1 

30 

15.0 

15.0 

31 

6.5 

6.5 

Sum 

2231 

51.6 

226.8 

14.8 

59.4 

80.1 

11.1 

3.5 

0.0 

240 

168.5 

118.9 

8819 

Day. 

Dec 

Jan. 

Feb. 

Mar. 

Ap 

May. 

June. 

July.   Aug. 

Sept 

Oct. 

Nov. 

Total 

1 

22 

23.5 

0.3 

26.0 

2 

19.6 

ia6 

0.9 

1 

34.0 

3 

1.4 

13.1 

5.3 

19.8 

4 

0.9 

46 

5.5 

5 

5.3 

:i.a 

10.6 

6 

4.2 

4.2 

7 

0.2 

17.7 

0.4 

18  3 

i  1 

3.2 

L5 

4.7 

L7 

0.8 

12.6 

2.7 

17  8 

1     [0 

6.7 

1.5 

8.2 

-:   :ii 

L6 

0.1 

0.2 

1 

LO 

2.8 

S     2 

L3 

11.0 

12.3 

Q       3 

24.2 

0.9 

2.2 

27.3 

o    :.4 

LO 

1.0 

n    .5 

17.1 

2.3 

14.8 

0.5 

4.8 

8.5 

48.0 

S     16 

2     17 

0.2 

15.5 

22.8 

38.5 

16.3 

16.3 

It     8 

2.1 

35.7 

lai 

50.9 

^     19 

5.1 

34.9 

31.5 

2.2 

73.7 

8     20 
S     21 

1.4 

25  8 

0.7 

9.5 

9.4 

46.8 

0.4 

17.6 

18.0 

22 

4.9 

14.2 

2.5 

216 

23 

a2 

32.2' 

17.4 

52.8 

24 

1.6|  19.6 

15.5 

0.6 

8.3 

16.1 

61.7 

25 

0.4 

5.6 

0.6 

0.2 

6.8 

26 

14.7 

4.9 

0.8 

0.2 

L4 

22.0 

27 

15.  {^ 

11.4 

17.6 

10.2 

0.6. 

5.8 

272 

88.6 

28 

•X4 

0.2 

6.3 

0.1 

8.8 

18.8 

29 

b.'^ 

0.3 

6.2 

1L8 

30 

LC 

17.4 

3.3 

2.4 

4.2 

14.7 

43.0 

31 

19.0 

19.0 

Sum 

1  68.6 

115.9 

189.9 '228. 2 

1  20.5 

342 

L3 

5.3 

0.0l     40  8 

31.2 

104.9 

830.8 
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[Obfl.  Inf.  D.  Luiz. 


Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sei»t 

Oct 

Not. 

Total 

1 

6.6 

_, 

6.6 

2 

22.1 

1.3 

4.0 

1.6 

29.0 

3 

18.7 

24.8 

0.3 

41.0 

1.9 

86.7 

4 

344 

248 

59.2 

6 

2.0 

2.1 

4.1 

6 

9.0 

12.3 

21.3 

7 

1.1 

0.6 

L4 

3,1 

^       8 

3.0 

S.2 

1.8 

13.0 

1      9 

24.2 

48 

0.1 

L8 

19.5 

50.4 

^.      .0 

1.3 

8.0 

0.2 

11.8 

2L3 

r    1 

L2 

0.6 

4.6 

22 

1.0 

96 

X     ^2 

4.3 

LI 

173 

22.7 

7.7 

2.2 

8.6 

1.0 

19.6 

Q     1* 
n    15 

0.1 

4.4 

46 

1.0 

LO 

§     16 
£     17 

0.5 

0.6 

1    18 

0  5 

0.5 

^      19 

L5 

L5 

S     20 
A     21 

3,4 

3.4 

0.2 

17.0 

L8 

0.5 

1.2 

20.7 

22 

26.0 

2.2 

0.3 

28.5 

23 

66 

LI 

0.3 

7.2 

15  2 

.       24 

4.2 

171 

L4 

22.7 

25 

2.5 

2.8 

0.2 

2.0 

2.5 

10.0 

26 

0.6 

46.8 

5.0 

52.4 

27 

2.6 

2.6 

28 

3.5 

0.6 

4.1 

29 

2.5 

25 

30 

14.3 

5.1 

46 

1.3 

25.3 

31 

2.6 

0.2 

2.8 

Sara 

64.2 

uao 

4.6  1174 

5:7 

73.5 

10.7 

4.0 

60.0 

21.9 

687 

11.0 

544.7 

Day. 

Dec 

Jan, 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

9.2 

7.0 

8.2 

0.9 

25.3 

2 

1.3 

2.4 

3.7 

3 

0.4 

6.6 

17.2 

24.2 

4 

las 

0.6 

7.0 

26.4 

5 

04 

a4 

6 

17.0 

2.8 

19.8 

7 

24.0 

0.4 

173 

40 

13.0 

58.7 

S      8 
S      9 

0.6 

9.3 

1.5 

0.8 

12.2 

203 

61 

14.4 

12.0 

4.9 

0.4 

58.1 

"1    10 

34 

1.5 

3.4 

6.0 

ia3 

r    11 

3.8 

0.1 

a9 

1    12 
P    13 

211 

6.5 

27.6 

72 

7.2 

0    1* 
^    15 

42 

2.7 

0.2 

3.0 

10.1 

5.9 

0.2 

a2 

6.3 

S    16 
2    17 

32 

0.4 

15.8 

0.2 

19.6 

1.9 

0.6 

0.9 

12.6 

15.9 

It    18 

19.0 

0.4 

16.5 

35.9 

1    19 

13.5 

3.5 

11,0 

28.0 

lU 

l&l 

5.9 

9.4 

30.4 

67 

n.3 

32.1 

5ai 

22 

4.1 

0.2 

42 

16.8 

75 

32.8 

23 

9.9 

31.0 

4.3 

173 

12.3 

748 

24 

las 

12.0 

27.5 

40 

6a3 

25 

3.3 

5.9 

70 

5.8 

ao 

28.0 

26 

8.6 

7.5 

10.5 

0.1 

28.1 

L7 

56.5 

27 

10.3 

1.1 

9.2 

7.8 

28.4 

28 

0.3 

14.9 

113 

as 

26.8 

29 

7.1 

0.2 

73 

30 

a2 

30.1 

303 

31 

0.8 

L5 

10.3 

126 

Sum 

as 

74.9 

79  6  17a5 

575 

51.2 

16.9 

O.2I    16.8 

40.8 

262.7 

OaO    834.9 
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".':^/ 


I 


Day. 

Dec.  Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Not. 

Total 

1 

j    9.0 

7.9 

0.1 

2.3 

19.3 

2 

1     0.5 

a5 

0.4 

4.4 

3 

1     0.1 

4.4 

n.i 

0.8 

ia4 

4 

i 

4.1 

2.2 

16.2 

22.5 

5 

0.8 

11.4 

0.6 

5.6 

18.4 

6 

5.0 

1.1 

11.2 

50.6 

6.0 

7a9 

7 

10.4 

26.4 

35.7 

72.5 

1   1 

9.1 

1.7 

6.5 

11.0 

30.7 

59.0 

6.2    22.1 

6.9 

11.0 

60.6 

106.8 

•^     10 

3.6     0.4 

10.2 

19.6 

3a7 

-:  11 

11.9     1.6 

1.0 

0.2 

14.7 

X     12 

a  13 

3.2    37.8 

LO 

a3 

1L2 

66.-5 

31.2     0.f) 

25.9 

2.1 

LI 

60.8 

n    16 

23.8'     1.2 

0.4 

69 

ao 

0.5 

35.8 

1     0.1 

1.9 

a6 

ai 

a7 

S    16 
1     17 

5.6l     4.8 

4.6 

ai 

18.1 

9  6     5.3 

1.2 

0.1 

7.8 

0.2 

24.2 

It  18 

0.7      7.9 

ia9 

4.3 

17.0 

43.8 

"^     19 

2.4 

2.7 

LO 

0.9 

12.0 

19.0 

1  i? 

i  35.5 

6.6 

1.0 

7.2 

LO 

.^1.3 

ia4 

2.1 

4.0 

a4 

20.6 

a5 

5L& 

22 

0.1 

0.8 

8.2 

L9 

ILO 

23 

0.4 

18.3 

L6 

0.8 

15.8 

36.9 

24 

0.4 

7.3 

0.4 

&,! 

25 

9.3 

1.6 

4L0 

Ills 

26 

0.8 

LO 

2.9 

4.7 

27 

8.8 

4.9 

0.2 

0.1 

14.3 

28.3 

28 

2.1 

0.8 

L8 

7.4 

12.1 

29 

6.0 

5.0 

2.7 

0.8 

26.6 

41.1 

30 

7.5 

0.7 

12.8 

2.6 

2a6 

31 

0.9i  10.2 



1.0 

LO 

lai 

Sum 

116.5 

^.8 

50.3 

27.8 

29.3 

102.1 

20.1 

1.0 

a3 

28.6 

222.4 

236.2 

1042.4 

Day.  1  Dec.  |  Jan, 

1         1 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

4.6 

a4 

,  9.3 

7.3 

L5 

26.1 

2 

a3 

7.4 

14.2 

3  2 

a? 

28.8 

3 

12.2 

ia7 

L2 

2.2 

29.3 

4 

6.3 

2.2 

34.5 

4ao 

5 

5.7 

L9 

as 

9.8 

39  5 

2.4 

62.8 

6 

14.3 

2.4 

6.6 

LO 

24.3 

7 

a6 

a7 

0.9 

a2 

i  1 

0.5 

0.4 

0.9 

06 

5.3 

2.6 

0.4 

8.9 

1    10 

7.0 

0.7 

7.2 

14,9 

-^    11 

14.4 

19.7 

1.0 

35.1 

g     12 
1     13 

3    \| 

69 

L8 

7.7 

2.0 

2.0 

6.5 

4.8 

11.3 

0.6 

ia4 

0.6 

17.6 

1    1? 

1L2 

a2 

14.4 

21.4 

17.7 

39.1 

^-    18 

L6 

17.6 

LO 

2.9 

2ai 

^     19 

5.8 

6.8 

g     20 
Q     21 

9.4 

12.9 

0.3 

22.6 

L2 

0.3 

0.6 

7.4 

9.4 

22 

0.4 

4.0 

4.2 

a6 

23 

14.6 

4.3 

23.3 

0.2 

L3 

7.5 

6L2 

2i 

1.7 

0.6 

2.3 

25 

LO 

0.8 

0.2 

0.1 

0.9 

ao 

26 

0.6 

10.8 

4.5 

0.5l 

0.1 

16.6 

27 

10.0 

16.4 

23.3 

0.7| 

6.3 

a7 

60.4 

28 

16.0 

2.1 

6.2 

0.3 

24.6 

29 

5.5 

32.2 

0.5| 

2.7 

a8 

49.7 

30 

0.8 

L2 

LO 

1 

0.3 

9.0 

12.3 

31 

60.0 

0.8 

12.2 

lao 

Sum 

69.0 

95.7- 

138.5 

86.3 

140.51 

9.0 

4.3 

L3 

21.4 

~5!o 

21.9 

676.9 
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Day. 

Dec 

Jan. 

Feb. 

Mar. 

Ap. 

May.  June. 

July. 

0.3 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

1 

5.9 

6.2 

2 

6.8 

0.2 

7.0 

3 

0.7 

0.7 

4 

4.1 

4.1 

6 

0.2 

7.9 

0.2 

8.3 

6 

0.1 

32 

1.0 

133 

22 

19.8 

7 

0.1 

8.1 

0.2 

26.4 

19.1 

539 

18      9 

16.8 

5.1 

20.9 

0.3 

0.9 

2.4 

0.4 

0.2 

4.2 

'I    10 

19.4 

6.8 

7.3 

330 

^,     11 

0.4 

1.9 

H.3 

6.6 

2    12 
S     13 

0.2 

9.2 

2.5 

0.8 

5.4 

10.1 

18.9 

47.1 

1.6 

14.9 

L8 

5.4 

0.9 

0.4 

12.6 

37.6 

'S     15 

2.5 

12.(1 

1.4, 

5.2 

54.4 

75.5 

1.2 

2.9 

0.6 

0.8 

48.8 

64.3 

S     16 
g     17 

22.7 

0.2 

6.2 

29.1 

234 

5.6 

0.2 

12.5 

41.7 

H-     18 

7.8 

12.7 

22 

0.2 

22.9 

^     19 

14.0 

12.3 

0.1 

26.4 

S     20 
Q     21 

18.9 

7.2 

0.1 

0.7 

26.9 

0.1 

5.6 

1 

ai 

5.8 

22 

1.4 

1.4 

23 

6.9 

6.9 

24 

7.5 

0.7 

1      0.3 

8.') 

25 

1.3 

43 

1      6.4 

1 

12.0 

26 

0.8 

11.2 

' 

120 

27 

4.6 

5.2 

1 

9.8 

28 

1.4 

1.0 

. 

2.4 

29 

2.8 

2.2 

, 

5.0 

30 

0.8 

1 

1.2 

2.0 

31 

7.1 

7.1 

Sum 

20.6 

149.6 

27.0 

1537 

116 

.50.9 

a7 

7.0 

5.9 

11.2 

6.0 

154.9 

699.1 

Day. 

Dec  (Jan. 

Feb. 

Mar. 

Ap.| 

May. 

June 

July. 

Aug. 

Sept. 

Oct 

Not. 

Total 

1 

24.0 

2,4| 

1.8 

28.2 

2 

0.71 

07 

3 

175, 

01 

17.6 

4 

04! 

276 

4.3 

4.9 

37.2 

5 

20| 

0.6 

2.6 

6 

10.5 

1 

39 

14.4 

7 

00 

i     9 

0.8 

2ao 

! 

03 

21.1 

34 

0.5 

20 

' 

01 

6.0 

"1    10 

0.3 

06 

9.3 

102 

':  11 

137 

30 

4.8 

04 

4.2 

26.1 

g     12 
5     13 

02 

1.9 

2.8 

05 

6.4 

33 

33 

07 

123 

o     14 

1 

12.7 

5.9 

136 

n  15 

1 

9.7 

02 

08 

15.8 

26.5 

^     16 
S    17 

1.9 

16.6 

7.0 

24.5 

0.1 

04 

14.6 

16.1 

r^      18 

a2 

I 

2.7 

34 

225 

20 

30 

38.8 

Q    21 

5.0 

2.4 

6.41 

6.2 

18.0 

4.5 

4.0: 

124 

1.0 

21.9 

04: 

01 

16 

22 

4.3 

22 

5.8 

0.8 

35| 

07 

24.3 

36.1 

23 

a3 

4.8 

02 

20 

7.3 

24 

4.4 

1.81 

8.5 

05 

15  2 

25 

16.4 

9.8 

26.2 

26 

7.5 

35 

11.0 

27 

0.3 

03 

24 

0.4 

34 

28 

8' 

08 

LO 

106 

29 

2.0 

104 

1.4 

138 

90 

152 

ia4 

38.3 

69.9 

31 

15.2 

! 

15.2 

Sum 

897 

49.7 

236 

6.0 

42.9 

290 

37 

11.1 

23.2 

125.3 

16.1 

1.38  0 

557  2 
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(Aug.  18, 187L 


Day. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

'  6.0 

0.2 

5.0 

11.2 

2 

23.5 

23.5 

3 

0.4 

7.7 

0.2 

8.3 

4 

5  21 

0.2 

0.2 

6.6 

5 

LI 

27.9 

29.0 

6 

16.4 

16-4 

7 

02 

6.4 

5.6 

qS       8 
S       9 

L5 

3.2 

14.9 

6.2 

16 
24.3 

r.    10    1 

12.3 

0.1 

3.5 

1.4 

0.2 

1.8 

19.3 

•^     11         5.8 

1.3 

7.1 

0.7 

, 

56 

20.6 

i     12    1  62.7 

17.0 

17.9 

97.6 

S     13        13.01     0.6 

10.7 

0.2 

2.3i 

26.8 

o     U    1     2.3 

7.0 

0.4 

0.3 

10.0 

2     15    1  16  7 

1.4 

0.1 

18.2 

^    16    1 

g     17       15.8 

0.2 

LI 

3.3 

LO 

5.6 

13 

14.1 

3L2 

":     18         0.2 

8.2 

7.6 

16.0 

^.     19         3.2 

0.5 

0.5 

4.2 

g     20       15.5 

0.3 

1.0 

16.8 

S     21         2.8 

7.0 

LI 

10.9" 

22         5.81     1.0 

L5 

8.3 

23    1     0.2 

0.8 

4.1 

5.1 

24    ,   13.3 

2.0 

0.3 

L3 

16.9 

25         3.0 

0.4 

0.5 

3.9 

7.8 

26 

17.7 

0.4 

0.2 

34 

2L7 

27         3.4 

9.0 

0.6 

13.0 

28         0.3 

5.0 

14 

0.7 

5.0 

12.4 

29    '     6.3 

0.2 

0.6 

19.4 

a2 

0.3 

9.2 

39.1 

30    i     0.3 

16  01 

0.4 

L9 

0.2 

18.8 

31    1 

6.3, 

5.3 

Sum 

2025 

97.5i 

23.31 

35.4 

27.1 

96.0 

2.9 

O.2I 

0.0 

24.5 

33.4 

8.1 

650.9 

Day. 

Dec. 

Jan 

L4 

Feb. 

Mar. 

Ap. 

1 
May.  June. 

1 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Total 

1 

as 

LB 

2 

LO 

ai.2 

21.7 

a2 

hi.l 

3 

ft.? 

L4 

il2 

G.6 

2,14 

i 

Ixi 

n.o 

2.5 

&.2 

24.1 

fi 

0.5 

14.0 

OJ 

14.7 

6 

90 

U.ti 

LI 

0.5 

0.8i 

!L0 

1.1.9 

7 

5.1 

iJi 

2.2 

02 

1 

(14 

1X9 

^       « 

T.fl 

LI 

UM 

27 

0.1 

2Lr^ 

3J.3 

fc       9 

19  ^'> 

1^.4 

K.4 

1 

H.n 

2.0 

40.3 

..     10 

0.5 

ru) 

5,5 

1 

1,2 

a? 

8.5 
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Remarks  on  HyrtCs  Oollection, 
(Bead  before  the  American  PhUoaopMcal  Society,) 

Prof.  Cope  stated  that  this  collection  embraced  800  skeletons,  each 
with  the  branchial  apparatus  mounted  separately.  A  large  proportion 
of  the  specimens  measured  two  feet  long  and  upwards.  The  Selachians 
were  not  very  numerous.  Among  them  was  to  be  noted  a  saw-fish  from 
the  South  Pacific  Ocean.  The  Dipnoi  were  represented  by  two  perfect 
specimens  of  the  Proiopterus  anneetem  from  Central  Africa.  The  Cros- 
sopterygians  were  present  in  five  specimens  of  Polypteri—Bome  from 
Central,  others  from  West  Africa.  Of  Ganoids  a  fine  series  of  Lepidosteue, 
Sturgeons,  Bpatularia  and  Amia, 

The  series  of  Nile  fishes  was  probably  the  best  in  existence.  The 
MormyridcB  were  especially  complete  and  represented  by  large  specimens. 
There  were  two  of  Oymnarchus  niloticus,  each  three  feet  in  length.  Many 
of  the  specimens  were  obtained  at  Chartum,  in  Nubia,  others  came  from 
Gondokoro  on  the  White  Nile  between  lats.  40  and  50  N. 

The  Australian  fauna  was  well  represented.  From  it  might  be  selected 
the  genera  SehuetteOy  NeosiluruBj  Oadopsii  and  Parapietua,  Numerous 
species  from  Samarang,  Singapore  and  Polynesia  were  included,  and  the 
Osieoglossum  formosum  from  Borneo  required  especial  mention.  The 
ichthyology  of  Hindostan  was  well  represented.  The  Mediterranean 
series  was  very  complete.  Among  them  was  to  be  noted  a  specimen  of 
the  rare  Buvettus  speciomSf  three  feet  in  length,  one  of  Trachypterus  Hop- 
term  still  larger  and  an  AlepocephaluB  rostratus.  From  the  Canary  Islands 
were  some  uncommon  varieties,  as  Nesiarchus  na^uius  and  Cenirolophus 
ovalis. 

The  North  American  series  was  good,  especially  the  CatoitomidcB, 
There  were  numerous  West  Indian  species,  and  a  good  representation 
of  South  American;  chiefly  from  Chili,  Puerto  Cabello,  Rio  and  the  tribu- 
taries of  the  Amazon  and  Essiquibo.  The  latter  were  mostly  from  Nat- 
terer's  collections,  and  embraced  many  forms  of  Siluroids,  Characins  and 
Chromids. 

The  specimens  were  prepared  by  Prof.  Hyrtl  himself,  iis  hich  was  an 
unequalled  guarantee  of  their  completeness  in  all  respects,  to  the  most 
minute.  The  preparation  of  the  supplementary  ribs  of  the  Clupeida 
(herring)  was  to  be  noted  as  an  especially  difficult  task  which  had  been 
successfully  accomplished.  The  collection  appears  to  have  been  com- 
menced by  Prof.  Hyrtl  not  later  than  in  1850,  and  had  been  an  object  of 
interest  to  ichthyologists  and  anatomists  for  several  years.  It  was  prob- 
ably the  most  valuable  collection  for  study  in  this  department  in  exist- 
ence, and  Prof.  Cope  thought  it  cause  of  satisfaction  that  it  had  arrived 
safely  in  the  United  States.* 

*  The  lilMrality  of  Cope  Brothers  in  transporting  it  free  of  charge  from  Liverpool  to 
Philadelphia  was  acknowledged. 
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Prof.  Cope  remarked  upon  the  peculiar  features  of  some  of 
the  figures  on  the  plates  in  Benzers  Eeptilfauna  der  Grosau- 
formation. 


Stated  Meeting,  November  17,  1871. 

Present  nineteen  members. 

Mr.  Fraley,  Vice-President,  in  the  chair. 

Mr.  Phillips  and  General  Tilghman,  recently  elected,  were 
introduced  to  the  presiding  officer,  and  took  their  seats. 

A  photograph  of  Mr.  Chabas  was  received  for  insertion  in 
the  Album. 

Letters  of  acknowledgment  were  received  from  M.  F.  Chabas, 
dated  Chalon  sur  Sa6ne,  Oct.  21, 1871  (Proc.  83,84,85);  from 
the  Linnean  Society,  London,  Aug.  2  (xiv.,  i.  82,  83,  84,  85) ; 
and  from  the  Smithsonian  Institution  (86). 

A  letter  from  the  Linnean  Society  announced  the  sending 
of  publications. 

Donations  for  the  Library  were  received  from  the  Prussian 
Academy,  the  Montsouris  Observatory,  the  Astronomical  and 
Linnean  Societies,  the  London  Nature,  the  Boston  Public  Li- 
brary and  Dr.  Samuel  A.  Greene,  the  Franklin  Institute,  the 
College  of  Pharmacy,  the  Medical  News,  the  Penn  Monthly, 
Mr.  Latrobe  of  Baltimore,  and  the  California  Academy  of 
Sciences. 

A  letter  was  received  from  Mr.  Henry  W.  Field,  dated  Royal 
Mint,  London,  Oct.  22d,  accepting  his  appointment  to  prepare 
an  obituary  notice  of  the  late  Sir  John  F.  W.  Herschel. 
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Mr.  H.  C.  Carey  read  an  obituary  notice  of  the  late  Stephen 
Colwell,  pursuant  to  notice. 

The  death  of  John  Edwards  Holbrook,  M.  D.,  formerly 
Prof.  Anat.  Med.  Coll ,  South  Carolina,  which  took  place  at 
Norfolk,  Mass.,  Sept.  7,  1871,  was  announced  by  the  Sec- 
retary. 

The  death  of  Ed.  W.  Brayley,  F.  R.  S.,  Feb.  1,  1870,  was 
announced  by  the  Secretary. 

A  memoir  for  the  Transactions :  On  the  Tours  of  the  Chess 
Knight,  by  M.  Serge  de  Stchoulepnikoff*,  was  received,  with  a 
letter  from  the  author,  dated  Circleville,  O.,  Nov.  3, 1871,  and, 
on  motion,  referred  to  the  following  Committee ;  Prof.  George 
Allen,  Mr.  Pliny  E.  Chase  and  General  Tilghman, 

A  Note  on  the  Footmark  in  Hieroglyphic  Script,  by  M.  F. 
Chabas,  of  the  Institute  of  France,  was  read  by  the  Secretary. 

Note  of  F,  Chabas,  of  the  Institute  of  France,  on  the  Foot-mark  in  the 
Hieroglyphic  Script 

I  find  in  the  Proceedings  of  the  American  Philosophical  Society  CVol. 
XI.,  p.  312)  the  following  statement : 

**Mr.  Lesley  refen-ed  also  to  the  fact  that  the  ancient  Egyptian  B  was 
graphically  represented  by  the  leg,  A  by  the  arm,  T  by  the  hand,  and 
that  what  is  called  the  comb  may  have  been  meant  for  the  foot-mark.'* 

I  am  not  acquainted  with  any  hieroglyphic  character  bearing  in  its 
graphical  form  a  nearer  resemblance  to  a  comb  than  [Mr.  Chabas  here 
gives  the  M  as  in  the  first  King's  name,  Mena,]  the  larger  drawings  of 
which  show  manifestly  to  be  a  chess  or  draught-board  with  its  men. 

But  the  feet  occur  in  the  hieroglyphic  script,  not  with  a  phonetic  but 
with  a  symbolic  worth.  They  are  a  mark  of  the  actual  presence  of  the 
delineator.  When  a  pious  Egyptian  repaired  to  some  place  of  worship, 
in  a  distant  country,  he  would  sometimes,  as  a  token  of  his  zeal,  incise  a 
figure  of  his  two  feet  on  some  stone  in  the  neighborhood.  Similar  sculp- 
tures were  observable  on  the  terrace  of  the  temple  of  Khons  at  Karnak , 
and  have  been  published  by  M.  Prisse  d' Avenues ;  the  name,  pedigree  and 
titles  of  the  pilgrim  are  generally  written  close  to  his  sculptured  feet, 
which  are  represented  either  naked  or  shoed  ;  in  one  case  they  are  re- 
placed by  the  soles  or  feet-marks. 

This  practice  was  probably  very  old,  but  either  from  the  scarcity  of 

monuments  or  the  neglect  of  observers,  it  can  not  be  traced  up  in  the  first 

empire.    One  of  the  instances  published  by  M.  Prisse  refers  to  the  reign 

of  Apries. 

P.  CHABAS. 
Chalon  Bur  Saone,  Oct.  21,  1871. 

A.  p.  S. — VOL.  XII— Y. 
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Mr.  Lesley  explained  that  be  referred  to  the  comb-like  syl- 
lable Kam  which  occurs  frequently  with  the  signification 
"  black ;  to  become  black,"  and  therefore,  as  the  name  of  Egypt 
Kam  "black  land,"  the  Hail  of  the  Hebrew  Scriptures.  Its 
verbal  meaning  is  "to  advance  or  be  advanced  to  completion," 
and  is  so  used  in  reference  to  any  work,  building  or  monument. 
Although  the  figure  is  drawn  with  a  square  heel,  yet  the  slant 
of  its  front  end,  and  the  setting  upon  it  of  five  points  like  toes 
suggests  a  plausible  explanation  of  its  meaning  to  advance^ 
provided  it  be  allowed  to  represent  the  human  foot,  which 
otherwise  does  not  appear  in  Egyptian,  except  in  profile  and 
in  connection  with  the  leg.  Why  Bunsen  should  call  it  the 
tail  of  a  crocodile  it  would  be  difficult  to  explain.  Diimichen's 
plates  of  the  legends  on  the  walls  of  Dendereh  do  nol  give  the 
figure  on  a  scale  large  enough  to  decide  upon  its  original 
shape,  and'  I  have  never  happened  to  see  it  on  the  monu- 
ments. 

Mr.  Cope  presented  for  publication  in  the  Proceedings,  with 
four  octavo  plates,  a  communication  on  certain  extinct  verte- 
brata  in  the  strata  of  North  Carolina ;  and  illustrated  a  sketch 
of  his  paper  by  exhibiting  some  of  these  fossil  remains. 

The  Minutes  of  the  last  meeting  of  the  Board  of  Officers  and 
Council  were  read. 

Pending  nominations  Nos.  679,  680,  681,  and  new  nomina- 
tion No.  682  were  read. 

Mr.  Fraley*  reported  that  he  had  duly  executed  the  Power 
of  Attorney  in  the  case  of  the  Michaux  legacy  and  transmitted 
the  same  to  M.  Carlier. 

The  request  of  Dr.  Somers,  Prof.  Chem.  Southern  Univer- 
sity at  Greensboro,  Ala ,  was  referred  to  the  Committee  on 
Publication,  and  the  meeting  was  adjourned. 
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Obituary  Notice  of  Stephen  Colwell. 

{Bead  before  the  American  Philosophical  Soc.y  Nov,  17,  1871.) 

By  Henby  C.  Carey. 

A  life  protracted  considerably  beyond  the  allotted  threescore  years  and 
ten  has  brought  me,  in  the  course  of  nature,  to  the  position  of  survivor 
to  a  host  of  personal  friends  whose  lives  had  made  them  worthy  of  the  re- 
membrance in  which  they  yet  are  held  by  those  who  had  known  them 
best.  Of  one  of  the  worthiest  of  those  whom  I  have  familiarly  known, 
and  for  their  words  and  their  works  have  most  esteemed,  it  is  that,  in  ac- 
cordance with  the  request  with  which  the  Society  has  honored  me,  I  have 
prepared  the  brief  memoir  tbat  will  now  be  read.  For  its  preparation  and 
for  the  proper  performance  of  duty  to  the  departed,  to  his  surviving 
friends,  and  to  the  public  which  has  a  property  in  his  memory,  I  claim  to 
have  little  qualification  beyond  that  resulting  from  long  and  familiar  ac- 
quaintance; from  a  fellowship  in  the  public  laboi^s  to  which  were  devoted 
so  many  of  his  life's  best  days  ;  and  from  an  earnest  desiro  to  aid  in  per- 
petuating the  recollection  thereof  in  the  minds  of  those  whose  service 
such  labors  had  been  performed. 

An  ardent  pursuit  of  the  same  general  course  of  study,  in  a  yet  unset- 
tled department  of  inquiry,  tends  necessarily  to  the  development  of  dif- 
ference in  modes  of  thought,  even  where,  as  has  been  the  case  with  Mr. 
Colwell  and  myself,  the  end  in  issue  is  substantially  the  same.  Between 
us,  however,  there  has  never  been  any  essential  difference,  and  while  it 
has  been  among  the  highest  gratifications  of  my  life,  it  has  not  been  least 
of  the  assurances  that  have  sustained  me  in  my  own  course  of  speciality 
of  labor,  that  his  views  of  social  and  ecouomi<^  theory  have  so  nearly  co- 
incided with  those  which  I  have  been  led  to  form. 

This  general  coincidence  of  doctrine  is  here  offered  as  a  reason  for 
avoiding  that  indulgence  in  eulogy  of  his  literary  labors  which  so  justly 
is  their  due.  A  still  stronger  reason  for  preferring  to  allow  the  simplest 
and  plainest  history  of  his  works  to  indicate  his  worth,  is  found  in  that 
modesty  which  constituted  so  striking  a  feature  in  his  character,  respect 
for  which  forbids  that  I  should  here  say  of  him  anything  that  would  have 
been  unacceptable  if  said  in  his  bodily  presence.  That  I  can  entirely  re- 
strain within  these  limits  the  expression  of  my  apprehension  of  his  char- 
acter, and  of  his  life's  work,  I  do  not  say  ;  but  that  I  feel  the  repressive 
inflaence  of  this  regard  correspondent  with  the  habitual  deference  which 
has  throughout  many  years  of  intercourse  governed  my  demeanor  towards 
him,  is  very  certain.  Further  than  this,  however,  it  will  be  enough  for 
praise  if  I  can  succeed  in  making  this  memoir  an  adequate  report  of  his 
acti?e  and  energetic  life. 
Having  thus  explained  the  feelings  by  which  I  have  been  influenced,  I 


Digitized  by 


Google 


Carey.] 


196 


[Nov.  17, 


shall  now  proceed  to  give  such  facts  as  have  been  attainable  in  regard  to 
his  unwritten  history,  and  such  indices  of  the  works  he  has  left  behind 
hira,  as  seem  to  claim  a  prominent  place,  and  can  be  made  to  fall  within 
the  compass  of  the  brief  time  allowed  me  for  their  presentation. 

Stephen  Colwell  was  born  in  Brooke  County,  West  Virginia,  on  the 
25th  of  March,  1800.  He  died  in  Philadelphia  ou  the  15th  of  Januaiy, 
1871,  having  nearly  completed  his  Tlst  year.  He  received  his  classical 
education  at  Jefferson  College,  Canonsburg,  Washington  County,  Pa., 
where  he  graduated  in  1819.  He  studied  law  under  the  direction  of 
Judge  Halleck  in  Steubenville,  Ohio ;  was  admitted  to  the  bar  in  1821  ; 
practised  the  profession  seven  years  in  St.  Clairsville,  Ohio ;  and  in  1828 
removed  to  Pittsburgh,  where  he  continued  so  to  do  until  the  year  1836. 

Indicative  of  that  ability  and  industry  which  marked  his  whole  subse- 
quent life,  and  now  so  well  accounts  for  the  mass  and  quality  of  his  at- 
tainments, are  the  facts  that  he  graduated  at  the  early  age  of  nineteen, 
and  entered  upon  his  profession  at  twenty-one. 

The  practice  of  the  law,  howeter,  was  not  the  sphere  of  mental  activity 
for  which  by  tastes  and  talents  he  had'been  best  by  nature  fitted.  The 
study  of  this  science  was,  nevertheless,  a  happy  preparation  for  the  in- 
quiries in  whose  pursuit  he  afterwards  became  so  much  engrossed.  Its 
exacter  method,  doubtless,  corrected  the  mental  habitude  and  the  narrow- 
ing influence  which  an  ardent  mind  is  apt  to  catch  from  an  exclusive  de- 
votion to  the  study  of  any  single  branch  of  litei*ature  or  science.  His 
writings  everywhere  bear  witness  in  logic  and  diction  to  the  corrective 
influence  of  his  legal  acquirements.  Social  science  is  that  depai*tment  of 
knowledge  which  especially  receives  its  verification  and  practical  ad- 
justment in  jurisprudence  and  civil  goverment  applied — the  philosophy 
of  Law  being  the  crown  and  summary  of  sociology  in  all  its  branches. 

Further,  Mr.  Colwell  gave  for  a  layman  an  unusual  amount  of  study 
to  the  department  of  religious  literature,  and  here  also  wo  find  the  guiding 
infiuence  of  his  sociologic  as  well  as  of  his  legal  training.  A  devoted  re- 
ligionist from  earliest  youth  to  the  close  of  life,  he  gave  himself  to  an 
ardent  study  of  doctrine  and  of  duty,  meanwhile  laboring  as  zealously  and 
almost  as  constantly  as  if  he  had  filled  the  ofiQce  of  pastor  in  the  Church, 
in  the  propagation  of  such  opinions  as  demanded  conformity  of  life  from 
professors  of  religion.  His  publications  bear  witness  of  his  faithfulness, 
as  his  life  in  its  every  relation  illustrated  the  morality  and  the  charity 
which  his  faith  enjoined. 

It  is  not  for  us  to  sit  in  judgment  upon  religious  doctrines,  whether  to 
applaud  or  to  condemn  them.  His  well  known  zeal,  and  his  abundant 
labors  in  piety  and  charity^  are  here  adduced  for  the  simple  reason  that 
the  portraiture  of  the  man  would  be  incomplete  and  most  unworthy  of  its 
subject  without  distinct  recognition  of  a  feature  so  predominant  in  his 
character. 

Were  I  here  to  venture  an  opinion,  fully  warranted  perhaps  by  the 
subject,  I  should  be  disposed  to  say  that  the  study  of  the  theologian  must 
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be  greatly  influenced  for  safer  direction  and  better  uses  when  held  in 
logical  harmony  with,  and  restrained  of  its  speculative  tendencies  by,  those 
rules  of  thought  which  must  govern  men  in  the  actual  duties  and  rela- 
tions of  life.  To  my  mind  it  is  clearly  obvious  that  the  religious  writings 
of  Mr.  Colwell  exhibit  a  liealthy  tone  and  a  useful  drift  reflected  from  his 
economic  studies  ;  and  in  these  latter  a  faithfulness  of  service  and  a  dedi- 
cation of  spirit  and  endeavor,  which  happily  illustrate  the  moral  respons- 
ibility resulting  from  the  sentiments  of  the  former.  To  this  I  may  per- 
haps be  allowed  to  add,  that  if  each  and  every  man  occupying  an  influen- 
tial position  could  be  induced  with  equal  fidelity  and  ability  "  to  show 
his  fidelity  by  his  works,"  the  prevailing  indifference  to  the  claims  of 
Cliristianity  would  speedily  give  place  to  a  widely  different  spirit  induced 
by  the  attractiveness  of  its  illustration.  Here,  however,  I  am  engaged 
mainly  with  the  prominent  traits  of  Mr.  Colwell' s  own  character  and  the 
influences  that  formed  his  life  and  gave  direction  to  it.  His  education 
and  effective  development  were  not  found  alone  in  the  studies  by  which 
he  was  so  largely  and  so  usefully  occupied.  Whatever  of  principle  and 
policy  resulted  from  the  application  of  the  student  was  induced  and  en- 
riched and  energized  in  another  and  even  more  exact  training  school  than 
any  that  the  speculations  of  science  can  afford.  In  the  thirty- sixth  year 
of  his  age,  fresh  and  full  of  all  that  reading  and  reflection  could  supply, 
he  entered  upon  the  conduct  of  business  affairs  in  an  occupation  that  as 
much  as  any  other,  and  probably  even  more,  brought  into  service  and 
severely  tested  both  economic  facts  and  principles.  He  became  a  manu- 
facturer of  iron  first  at  Weymouth,  Atlantic  County,  New  Jersey,  and 
afterwards  at  Conshohocken,  on  the  Schuylkill.  Throughout  a  quarter 
of  a  century  of  vicissitudes*  inflicted  upon  that  department  of  manufac- 
ture more  mischievously  than  upon  almost  any  other  by  an  inconstant 
and  often  unfriendly  governmental  policy,  opportunity  was  presented,  as 
the  necessity  was  imposed,  for  studying  the  interests  of  productive  indus- 
try in  the  light  of  such  actual  and  greatly  varied  experiences  as  might 
instruct  even  the  dullest,  and  could  not  fail  to  teach  one  already  so  well 
qualified  for  promptly  understanding  all  that  actually  concerned  that  and 
every  other  branch  of  industrial  production.  Before  entering  upon  the 
arduous  and  trying  experiences  of  this  pursuit  he  had  visited  Europe, 
and  there  had  studied  the  art  and  management  of  its  advanced  and  varied 
industries. 

The  settlement  of  the  large  estate  of  his  father-in-law,  the  late  Samuel 
Hichards,  and  the  administration  of  those  of  several  other  members  of 
his  family,  required  and  received  as  much  attention  during  many  years 
as  would  have  constituted  the  entire  business  of  many  men,  who  would 
have  thought  themselves  fully  occupied.  In  addition  to  private  affairs, 
so  considerable  and  so  exacting,  he  was  constantly  engaged  as  a  leading 
and  working  member  of  various  public  associations;  industrial,  benevolent 
and  educational.  The  character,  the  extent  and  the  variety  of  these 
engagements,  to  which  he  was  invariably  attentive  and  pu actual,  may  be 
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inferred  from  a  simple  enumeration  by  their  titles,  as  follows:  he  was  a 
working  member  of  the  American  Iron  and  Steel  Association,  from  its 
origin  to  the  close  of  his  life;  an  active  member  of  the  African  Coloniza- 
tion Society  for  more  than  a  score  of  years ;  severad  years  enga^d  in  the 
management  of  our  House  of  Refuge ;  nearly  twenty  years  a  Director  of 
the  Camden  and  Atlantic  Railroad,  whose  Board  of  Directors,  in  a  feeling 
notice  of  his  death,  say  that,  '^having  been  an  active  member  of  the  Board 
from  its  organization,  and  having  contributed  very  largely  of  his  means, 
time  and  labor  in  the  prosecution  and  completion  of  this  work  ;  in  many 
dark  periods  of  this  enterprise  we  could  always  look  to  Mr.  Colwell  for 
his  matured  judgment  and  able  counsel." 

He  was  a  Director  in  the  Reading  and  in  the  Pennsylvania  Central 
Railroads,  and  for  years  held  the  office  of  a  Trustee  of  the  University  of 
Pennsylvania ;  as  also  a  similar  position  in  the  Princeton  Theological 
Seminary.  Simultaneously  therewith,  he  was  one  of  the  Trustees  of  the 
Presbyterian  General  Assembly,  and  member  of  the  Board  of  Education 
of  the  Presbyterian  Church.  After  the  close  of  the  Rebellion  he  gave 
large  pecuniary  assistance,  and  his  usual  energy  of  service,  to  the  Freed- 
man's  Aid  Society,  as  during  the  Rebellion  he  had  contributed  with  like 
liberality  to  the  work  of  both  the  Sanitary  and  Christian  Commissions. 
Of  his  Services  in  these  great  patiiotic  charities  a  gentleman  well  acquainted 
with  their  history  says :  "At  the  breaking  out  of  the  Rebellion  he  felt 
deeply  for  the  distress  in  the  camps  and  on  the  battle-tield,  and  it  was  at 
his  suggestion  that  the  first  man  who  left  bis  home  to  assist  the  helpless 
and  the  wounded,  took  his  way  to  the  seat  of  war.  He  also  contributed 
freely  to  supply  comforts  to  those  in  the  hospitals.  To  one  of  the  active 
stewards  he  said,  *  Let  nothing  be  wanting,  and  if  the  Government  funds 
are  insufficient  I  will  see  that  the  bills  are  paid.' "  The  same  witness  of 
his  active  benevolence  to  the  suffering  soldiers,  and  of  his  personal  de- 
meanor in  its  administration,  further  says:  ** Those  who  accompanied 
him  on  his  visits  to  the  Army  of  the  Potomac,  can  never  forget  the  kind- 
ness and  respect  with  which  he  treated  the  humblest  individuals." 

In  the  patriotic  services  and  sacrifices  to  which  the  countiy  called  its 
best  citizens  in  the  hour  of  its  utmost  need,  he  was  in  every  form  of  duty, 
one  of  the  earliest  most  constant,  persistent  and  efficient  of  the  men  in 
private  life  who  gave  themselves  unreservedly  to  the  salvation  of  the 
Union.  Tlie  Union  League  of  this  city  in  words  which  well  might  serve 
as  a  condensed  memoir  of  his  life  and  character,  bears  this  testimony 
to  his  agency  in  the  great  work  of  their  association  :  "  With  an  intelli- 
gent and  thoughtful  mind,  fully  convinced  of  the  necessity  and  usefulness 
of  such  an  organization,  and  a  heart  warmly  alive  to  the  encouraging  in- 
fluences, it  was  peculiarly  fitting  that  at  the  first  formal  meeting  which 
led  to  the  establishment  of  the  Union  League  should  be  called  upon,  as 
he  was,  to  preside.  His  name  thus  heads  the  list  of  signers  of  the  con- 
stitution of  the  League  ;  and  he  grew  with  its  growth,  ever  in  the  fore- 
front of  whatever  movement  was  planned  for  giving  aid  and  comfort  and 
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support  to  his  country  and  its  government  throughout  the  course  of  its 
struggle  for  existence,  in  resisting,  by  force  of  arms,  a  causeless  and 
wicked  armed  Rebellion."  Of  his  personal  character  and  demeanor,  they 
say:  *  'We  desire  to  bear  testimony  to  those  virtues  which  manifested  them- 
selves in  all  its  intercourse  with  us  ;  to  the  singleness  and  unselfishness 
of  his  purpose  ;  to  his  courteousness  and  urbanity  in  our  varied  relations; 
to  his  firmness,  cautiousness  and  wisdom  in  the  deliberations  of  our  coun- 
cils;  to  his  patience,  unwearying  industry  and  cheerful  devotion  of  time, 
abilities  and  means  in  aid  of  the  cause  so  dear  to  all  our  hearts ;  to  his 
constant  unwavering  joy,  and  faith,  and  trust  in  the  overruling  Provi- 
dence of  the  God  of  our  fathers  amid  the  darkest  hours  of  the  country's 
I)eril,  as  well  as  in  times  of  success  and  victory." 

Such  engagements  as  these,  and  numerous  others  kindred   in  their 
character  and  calling  for  similar  labors,  tilled  the  middle  and  later  periods 
of  his  life  with  occupation  :   his  associates,  and  all  with  whom  business 
intercourse  and  public  enterprises  connected  him,  testifying  to  the  prompt, 
energetic,  patient  and  worthy  performance  of  every  duty  thus  assumed 
or  imposed.    Nearly  half  a  century  employed  in  public  and  private  aflfairs 
making  large  demands  for  labor  and  care,  and  involving  great  responsi  • 
bility,  gave  him  that  sound  practical  experience  which  well  and  effect- 
ively woven  into  the  studies  of  his  life  made  him  what  he  eminently  be- 
came, a  clear,  safe,  and  thoroughly  instructive  economist.     Concurrently 
with  this  practical  training  he  was,  in  the  best  sense  and  fullest  meaning 
of  the  word,  a  student.    As  early  as  his  business  life  began,  if  not  even 
earlier,  he  commenced  the  collection  of  a  library  of  social  science,  politi- 
cal economy,  finance,  pauperism,  organized  charities,  productive  indus- 
tries, and  associate  and  cognate  departments  of  science,  now  the  largest 
and  best  to  be  found  in  the  country.     This  grand  collection  has  not  been 
catalogued,  or  even  classified,  but  it  considerably  exceeds  five  thousand 
volumes,  and  is  estimated  for  the  purpose  of  insurance  at  a  value  of 
twenty  thousand  dollars.     To  this  library  aod  to  the  books,  pamphlets, 
periodical  and  newspaper  articles  of  his  own  production,  he  devoted  all 
his  leisure.     In  several  lists  of  cited  authorities  appended  to  his  own  pub- 
lications and  criticisms  upon  them,  he  furnishes  evidence  that  he  was,  in 
the  language  of  one  of  his  familiar  acquaintances,  ^'one  of  the  greediest 
of  readers."  v 

To  the  commonly  accepted  authorities  on  Political  Economy,  Finance, 
and  Policy  of  Public  Affairs,  he,  however,  gave  no  more  than  that  amount 
of  faith  and  acceptance  which  they  ^ould  command  from  a  mind  well 
stored  with  the  facts  and  philosophy  of  their  subjects.  To  a  friend  who 
expressed  surprise  at  his  vast  collection  of  books  and  pamphlets  on  the 
single  subject  of  Money,  he  replied  when  asked  if  he  had  perused  them 
all,  **  enough  to  know  that  there  is  really  little  or  nothing  in  them  of  any 
value." 

His  library,  besides  its  completeness  in  standard  works,  derives  a  special 
value  from  its  collection  of  over  twenty-five  hundred  pamphlets  on  topics 
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usually  embraced  in  what  is  called  Political  Economy  ;  each  separately 
bound  and  capable  of  classified  arran^rement.  He  regarded,  and  justly 
too,  such  smaller  treatises  as  especially  valuable  for  containing  the  best 
thoughts  of  the  writers  in  the  most  condensed  form,  and  likely  thus  to 
secure  not  only  the  greatest  number  but  the  most  attentive  readers.  For 
the  most  part  he  put  his  own  publications  on  social  and  economic  sub- 
jects into  this  unpretending  form. 

His  judgment  was  too  clear  and  too  well  poised  to  suflFer  the  imposture 
of  pretentious  authorship.  Knowing  that  book-makers  are  not  always 
thinkers  he  gave  his  regards  to  those  writers  only  who  had  something  of 
their  own  to  say,  or  knew  how  to  give  eflfective  array  to  the  valuable 
words  of  others.  It  would  have  been  an  excellent  service  to  students, 
now  abandoned  to  their  own  unformed  judgment  in  the  selection  of 
works  in  this  department,  and  thus  condemned  to  promiscuous  reading, 
if  Mr.  Colwell  had  in  some  effective  way  employed  his  eminent  discern- 
ment in  giving  us  an  index  expurgatorius  of  the  books  and  treatises  upon 
economic  subjects  which  crowd  our  libraries,  thus  driving  a  stake  through 
the  worthless  and  the  false  among  them,  numerous  as  the  latter  are.  In 
his  Essay  Preliminary  to  List's  Political  Economy,  he  has,  indeed,  shown 
his  eminent  capacity  for  estimating  aright  the  economic  authorities  of 
their  true  value,  confining  himself,  however,  almost  entirely  to  an  ana- 
lysis and  commendation  of  those  works  which  are  worthy  of  reliance.  It 
was  more  consonant  with  his  taste  and  tendencies  to  select  the  good,  than 
to  annoy  himself  with  the  study  and  exposure  of  that  which  was  calcu- 
lated to  be  injurious.  Often  have  I  wondered  at  the  patience,  even  more 
than  at  the  diligence,  great  as  it  was,  with  which  he  conscientiously  sur- 
rendered so  large  a  portion  of  his  months  and  years  to  library  labors.  His 
toil,  however,  was  made  for  excellent  uses,  and  the  fruits  of  his  literary 
industry  exhibit  themselves  not  only  in  the  number  but  also  in  the  value 
of  his  publications.  Of  that  value  but  little  can  be  traced  to  the  thous- 
ands of  volumes  which  had  passed  through  his  hands.  Indeed,  it  is 
curiously  significant  that  the  best  read  man  in  economic  literature  stands 
now  before  us  so  little  indebted  to  the  books  of  his  predecessors  for  the 
most  valuable  portions  of  his  own  productions.  Never  writing  without 
having  something  worthy  to  be  read,  all  that  he  did  write  was,  as  largely 
as  can  be  affirmed  of  any  other  prolific  author,  in  matter  and  manner  his 
own.  There  was  in  him,  however,  nothing  of  arrogance,  nothing  of  the 
scorner.  In  the  whole  course  of  his  literary  pursuits  may  be  discovered 
a  constant  effort  to  promote  and  propagate  important  scientific  truths 
bearing  upon  social  welfare,  under  cover  of  such  books  as  seemed  to  him 
to  deserve  extensive  circulation.  To  the  translation,  annotation,  and 
effective  distribution  of  these  he  freely  and  devotedly  gave  his  time,  his 
labor,  and  his  means.  Among  the  leading  instances  of  this  kind,  is  the 
translation,  by  Mr.  Matile,  of  List's  National  System  of  Political  Econo- 
my, with  his  own  invaluable  Preliminary  Essay,  above  referred  to,  and 
with  copious  marginal  notes  upon  the  text,  from  his  own  pen.     In  like 
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manner  he  procured  the  translation  (again  by  Mr.  Matile)  and  the  publi- 
cation for  libei*al  distribution,  of  Chastel's  "Charity  of  the  Primitive 
Churches;"  and  also  the  republication  of  "The  Race  for  Riches,"  by 
William  Arnot,  of  Glasgow,  with  a  corroborative  preface  and  notes,  by 
himself  supplied. 

This  would  be  the  place  for  giving  special  attention  to  that  long  and 
varied  catalogue  of  his  own  contributions  to  the  literature  of  political 
economy,  finance,  charity,  and  Christian  ethics,  in  the  form  of  pamphlets 
and  essays,  and  other  articles  in  the  reviews,  periodicals  and  newspapers. 
With  that  detail,  however,  I  will  not  here  task  myself  nor  use  the  passing 
hour  of  your  time,  preferring  to  append  hereto  a  list  of  his  works  as  full 
and  complete  as  I  have  been  able  to  make  it.  Mr.  Colwell,  as  his  family 
inform  me,  neither  collected  nor  registered  these  productions,  as  a  conse- 
quence of  which  my  summary  of  them  by  their  titles  is  necessarily  in- 
complete, although  not  othei-wise  incorrect. 

His  labors  of  mind  and  pen,  his  endeavors,  services,  and  subsidies  in 
aid  of  the  establishment  and  extension  of  collegiate  education  ;  his  per- 
sonal pressure  upon  all  who  were  in  the  way  of  forwarding  the  great  en- 
terprise ;  his  donations  and  legacies,  all  had  this  one  grand  leading  aim — 
the  propagation  of  sound  doctrine  in  social  duty,  and  its  enforcement  in 
the  education  not  only  of  our  scholars,  but  also  of  the  reading  people  of 
our  great  community.  To  that  object  he  dedicated  his  library  in  giving 
it  to  the  University  of  Pennsylvania.  Anxious  to  make  the  gift  more 
effective,  he  coupled  the  grant,  in  his  deed  of  trust,  with  a  condition  that 
required  the  endowment  of  a  chair  of  social  science ;  but  his  family, 
knowing  his  intention  that  the  donation  should  in  no  event  prove  a  fail- 
ure, has  waived  the  present  performance  of  the  condition,  in  the  well 
warranted  expectation  that  in  good  time  it  will  be  carried  out. 

With  the  like  intent  he  labored  long  for  the  establishment  of  a  profes- 
sorship in  the  Theological  Seminary  of  Princeton,  an  idea  that,  with  the 
assistance  of  others  in  great  measure  brought  to  contribute  by  his  own 
perseverance  and  his  liberal  advances,  has  now  been  carried  into  full  effect. 
*'  His  works  do  follow  him  " — the  inauguration,  on  the  27th  of  September 
last,  of  a  professorship  of  "Christian  Ethics  and  Apologetics,"  in  its 
promise  fulfilling  one  of  the  dearest  wishes  of  his  heart. 

What  Mr.  Colwell  intended  by  the  establishment  of  a  chair  of  Christian 
Ethics,  in  Princeton,  and  what  he  regarded  as  the  chief  object  of  a  chair 
of  Social  Science  in  the  University  of  Pennsylvania,  can  scarcely  be  mis- 
understood if  his  own  writings  be  studied  for  their  ruling  sentiment  and 
leading  purpose.  Cultivating  political  economy  as  a  theory  of  benefi- 
cence, he  wrote  his  most  elaborate  and  voluminous  work  upon  the  credit 
system,  embracing  therein  all  the  agencies  and  instruments  employed  in 
foreign  trade  and  domestic  commerce,  and  gave  a  vast  amount  of  time  and 
thought  to  the  literature  of  these  several  subjects  in  all  their  branches  ; 
but  through  all  and  over  all  the  crowning  aim  and  purpose  of  his  en- 
deavors stands  out^  conspicuously,  crystallized  as  it  is  in  a  definition  of 
political  economy  in  which,  after  reviewing  the  entire  range  of  conflicting 
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explicatious,  he  says :  **  When  we  meet  a  definition  running  thus — the 
science  of  human  welfare,  in  its  relations  with  the  production  and  distri- 
bution of  wealth,  we  shall  begin  to  hope  the  doctrine  of  social,  or  politi- 
cal, or  national  economy,  is  beginning  to  assume  its  proper  proportions." 
The  sentiment  of  that  definition  directed  all  his  studies,  all  his  writings, 
and,  as  a  passion,  governed  all  his  life.  In  religion,  the  faith  that  works 
by  love  ;  in  economic  theory,  the  best  interests  of  humanity ;  in  morals, 
the  justice,  mercy,  and  charity  which  practically  exemplify  the  brother- 
hood of  men  ;  were  the  governing  impulses  of  all  the  works  of  both  his 
head  and  his  hands. 

In  his  **New  Themes  for  the  Protestant  Clergy"  we  find  such  senti- 
ments as  these :  "Creeds,  but  not  without  charity;  Theology,  but  not 
without  humanity ;  Protestantism,  but  not  without  Christianity." 
Again  :  "  It  is  not  enough  for  the  Christian  to  be  concerned  only  for  the 
interests  of  men  in  the  world  to  coilfe,  but  for  their  best  interests  in  this 
world."  With  some  severity  of  rebuke,  but  far  more  earnestness  of  af- 
fection, he  says :  "  We  maintain  that  Christ  himself  should  have  the 
chief  voice  in  defining  Christianity,  and  that  this  has  been  denied  him  in 
most,  if  not  all,  the  compends  and  summaries  of  Christian  doctrine  which 
are  the  bond  of  Protestant  churches  ;"  following  this  up  by  urging  the 
fact  that  *'  the  world  now  believes  that  the  religion  announced  by  the 
Author  and  Finisher  of  our  faith  embraces  humanity  as  well  as  divinity 
in  its  range." 

This  remonstrance,  and  its  implied  censure,  will  be  understood  when 
we  perceive  that  he  went  further,  far  further,  in  his  apprehension  of  true 
Christian  charity,  than  almsgiving  extended  to  pressing  cases  of  distress. 
The  modem  usage  of  devolving  the  i*elief  of  the  poor  upon  the  poorhouse 
system  established  by  the  civil  law,  he  calls  "the  stigma  of  Protestant- 
ism ;"  and  he  demands  from  the  professors  of  Christianity  an  earnest  en- 
deavor to  give  the  poor  permanent  emancipation  from  the  evils  which 
they  endure.  He  presses  the  charge  against  the  Established  Church  of 
England,  that  it  holds  resources  donated  to  its  Catholic  predecessors  for 
relief  of  the  poor,  which  now  yield  £50,000,000  per  annum,  while  throw- 
ing the  support  of  the  suftering  upon  the  charity  of  the  State ;  at  the 
same  time  quietly  sustaining  that  system  of  industrial  and  commercial 
policy  which  takes  from  the  labor  of  the  realm  two  hundred  and  fifty 
millions  of  collars  for  the  use  of  the  government,  and  five  times  more  for 
the  profit  of  capital.  Nay  further  this  gentlest  of  gentlemen,  this  most 
orthodox  of  churchmen,  this  most  devout  of  worshipers,  in  the  convic- 
tion that  the  failure  of  Christians  to  exemplify  Christianity  in  their  deal- 
ings with  the  world  is  the  grand  cause  of  the  aversion  and  rejection  it  en- 
counters, is  led  therein  to  find  some  justification  for  the  socialism  and  the 
insurrectionary  demonstrations  now  so  rapidly  and  threateningly  spread- 
ing throughout  Europe  and  America,  and  exhibiting  such  a  spirit  of  re- 
volt among  the  masses  of  Christendom  as  is  nowhere  found  in  the  pagan 
world. 
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In  the  battle-cry  of  the  reformers  now  advancing  upon  the  conservatism 
of  oar  civilization,  he  hears  the  proclamation  of  '*  the  fatherhood  of  God 
and  the  brotherhood  of  man" — a  protest  against  "that  notion  of  indi- 
vidual liberty  which  leaves  every  man  to  care  for  himself,  and  ruin  to 
seize  the  hindmost." 

To  the  almost  universally  prevalent  doctrines  of  political  economy  he 
traces  the  apathy,  indiflference,  and  even  hostility  of  the  fortunate  classes 
to  the  duties  eujoined  in  the  second  table  of  the  law,  as  it  is  summarized 
by  the  Great  Teacher.  Singling  out  the  most  distinguished  and  most 
popular  of  now  existing  disciples  and  advocates  of  the  laissez-faire  school 
of  economists,  he  thus  exhibits  Herbert  Spencer's  ** Social  Statics"  : 
**  The  man  of  power  and  the  man  without ;  the  man  of  wealth  and  the 
pauper,  should  each  have  the  largest  and  most  perfect  liberty  consistent 
with  their  iiot  touching  each  other.  *  *  *  It  forbids  the  thought  of 
charity,  or  brotherhood,  or  sacrifice  ;  it  consecrates  selfishness  and  indi- 
vidualism as  the  prime  feature  of  society.  *  *  *  Its  principle  is  the 
least  possible  restriction,  the  fewest  possible  enactments  ;  the  weak  must 
be  left  to  their  weakness,  the  strong  must  be  trusted  with  their  strength, 
the  unprotected  man  must  not  look  for  favor,  and  government  must  re- 
solve itself  into  the  lowest  possible  agent  of  nonintervention." 

Than  the  view  thus  presented  of  the  now-so-much  lauded  Spencerian 
social  philosophy  nothing  could  be  more  thoroughly  accurate.  The  whole 
tendency  of  that  modem  economical  school,  to  whose  teachings  our  de> 
parted  friend  was  so  much  opposed,  has  been,  and  is,  in  the  direction  of 
giving  increased  power  to  the  rich  and  strong,  while  throwing  responsi- 
bility on  the  shoulders  of  the  poor  and  weak.  "  If  the  latter  will  marry, 
and  will  have  children,  why,"  say  they,  ** should  they  not  be  allowed  to 
pay  the  penalty  of  their  crime,  as  so  many  millions  of  starving  Irish  have 
already  done  ?"  *  *  W  hy, ' '  though  in  somewhat  different  woixis,  now  asks 
Mr.  Spencer,  **  Why  should  not  the  poor  remain  in  ignorance  if  unable  to 
provide  for  educating  their  children  and  themselves?"  **  Why  should 
the  millionaire  be  required  to  aid  in  maintaining  hospitals  in  which  dam- 
age to  poor  laborers'  limbs  may  promptly  and  properly  be  repaired?"  **Is 
it  not  for  every  man  to  do  as  he  will  with  that  which  is  his  own  ?"  The 
new  philosophy  having  answered  this  latter  question  in  the  affirmative, 
need  we  be  surprised  that  the  miserable  selfishness  thus  given  to  the  world 
as  science  should  have  excited  the  indignation  of  one  who  knew,  and  felt 
that  it  must  be  a  mere  pretence  of  science  that  could  sanction  any  course 
of  conduct  so  wholly  inconsistent  with  the  divine  command,  **  that  we  do 
to  others  as,"  under  similar  circumstances,  **  we  would  that  they  should 
do  to  ourselves  ?"     Assuredly  not  I 

It  would  be  difficult  for  me  fully  and  completely  to  express  the  strength 
of  the  humanitarian  sympathies  exhibited  in  Mr.  Col  well's  plea  for  jus- 
tice to  the  victims  of  our  reckless  competition  and  our  voracity  in  the 
pursuit  of  material  wealth.  To  prevent  misconstruction  of  his  severe 
animadversions  upon  the  existing  agency  of  church  and  state  in  the  pre- 
vailing disorders  of  society,  and  to  show  the  bearing  of  his  complaint  I 
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cite  another  passage  from  the  "  New  Themes,"  as  follows  :  "  The  doc- 
trine that  property,  real  and  personal,  must  under  all  circumstances  re- 
main inviolate,  always  under  the  ever-watchful  vigilance  of  the  law,  and 
its  invaders  subject  to  the  severest  penalties  of  dungeon  and  damages, 
may  be  very  essential  to  the  maintenance  of  our  present  social  system, 
but  it  totally  disregards  the  consideration  that  Labor,  the  poor  man's 
capital,  his  only  property,  should,  as  his  only  means  of  securing  a  com- 
fortable subsistence,  be  also  under  the  special  care  and  safeguard  of  the 
law.  The  doctrine  that  trade  should  be  entirely  free — that  is,  that  mer- 
chants should  be  perfectly  at  liberty,  throughout  the  world,  to  manage 
their  business  in  that  way  which  best  promotes  their  interests — may  suit 
very  well  for  merchants,  making  them  masters  of  the  industry  of  the  world; 
but  it  will  be  giving  a  small  body  of  men  a  power  over  the  bones  and 
sinews  of  their  fellow-men,  which  it  would  be  contrary  to  all  our  knowl- 
edge of  human  nature  if  they  do  not  fatally  abuse,  because  they  are  in- 
terested to  reduce  the  avails  of  labor  to  the  lowest  attainable  point,  as  the 
best  means  of  enlarging  their  business  and  increasing  their  gains.  That 
philosophy,"  he  continues,  "  which  teaches  that  men  should  always  be 
left  to  the  care  of  themselves — that  labor  is  a  merely  marketable  commo- 
dity which  should  be  left,  like  others,  to  find  its  own  market  value  with- 
out reference  to  the  welfare  of  the  man,  may  appear  plausible  to  those 
who  forget  the  fatherhood  of  God  and  the  brotherhood  of  men,  but  is  ut- 
terly at  variance  with  the  precepts  of  Him  who  taught  that  those  who 
stood  idle  in  the  market-place  because  no  man  had  hired  them,  and  were 
sent  to  work  at  the  eleventh  hour,  should  receive  the  same  as  those  who 
had  borne  the  burden  and  heat  of  the  day." 

It  is  not  my  business  here  and  now  either  to  commend  or  to  impeach, 
but  simply  to  state  the  attitude  assumed  by  Mr.  Colwell  in  reference  to 
questions  so  much  exposed  to  debate  as  these,  and  by  him  so  sharply  and 
earnestly  treated.  The  great  sensation  produced  in  our  religious  world 
by  their  publication  has  given  way  to  much  more  moderate  feelings,  and 
evidently  enough  to  a  better  appreciation  of  their  spirit  and  design.  One 
of  the  representative  papers  of  the  church  of  which  he  was  a  life-long 
member,  thus  speaks  of  the  controversy  which  his  publications  had  aroused 
ten  years  since  :  **In  one  or  two  of  his  own  books  on  this  engrossing  and 
all-important  theme  [Christian  charity],  he  used  language  in  regard  to  the 
apathy  and  criminality  of  modern  professors  of  faith  in  Christ  and  his 
salvation,  which  was  so  severe  as  to  arouse  bitter  hostility  to  his  faithful 
and  well-meant  efforts.  Would  that  now,  when  the  mutual  wounds  have 
ceased  to  smart,  in  the  case  of  most  of  those  engaged  in  them,  alas  !  by  a 
departure  from  all  the  conflicts  of  the  church  militant,  earnest  men  could 
be  roused  to  examine  their  lessons  and  suggestions,  forgetful  of  the  occa- 
sional sharpness  of  the  form  in  which  they  were  conveyed."  The  most 
aggrieved  having  thus  now  come  to  acknowledge  that  *' faithful  are  the 
wounds  of  a  friend,"  they  may  also  recollect  that  only  once,  and  that  in  a 
strikingly  pertinent  instance,  the  founder  of  their  faith  is  reported  to  have 
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given  way  to  indignation  against  a  piety  that  subordinated  humanity  to 
theology.  "  When  the  rulers  of  the  synagogue  watched  him  whether  he 
would  heal  the  withered  hand,  in  their  church,  on  their  Sabbath-day,  he  . 
looked  round  about  on  them  with  anger,  being  grieved  for  the  hardness, 
or,  as  the  margin  has  it,  the  blindness,  of  their  hearts."  (Mark  iii.  2-5). 
That  it  was  this  sort  of  indignation,  mixed  with  the  same  kind  of  grief, 
which  induced  the  severity  of  remonstrance  complained  of  at  the  time,  is 
manifest  in  the  whole  tone,  and  yet  more  so  in  the  special  drift  of  his  ob- 
jurgations. The  true  construction  of  his  aim,  indeed,  is  found  in  his  pro- 
test against  the  ruling  doctrines  of  political  and  social  economy  which  the 
churches,  in  common  with  the.  community,  accept.  A  single  sentence 
well  represents  him  on  this  subject,  as  follows :  "  The  social,  political,  and 
commercial  institutions  of  the  present  day,  founded  upon,  and  sustained 
by,  a  selfishness  heretofore  unequaled,  are  the  great  barriers  to  the  pro- 
gress of  Christianity."  And  again:  "Political  economy,  strictly  so 
called,  is  as  much  opposed  to  the  spirit  of  Christianity  as  it  is  antagonistic 
to  socialism  ;  or,  in  other  words,  there  is  far  more  in  common  between 
socialism  and  Christianity  than  there  is  between  the  latter  and  political 
economy."  The  system  of  economic  theory  by  himself  adopted,  is  of 
course  not  the  one  intended  here,  but  is  that  one  which,  referring  to  the 
North  British  Review,  is  thus  described  :  **  Followed  out  to  the  utmost, 
the  spirit  of  political  economy  leads  to  the  fatal  conclusion— jthat  the  con- 
duct of  the  social  life  should  be  left  entirely  to  the  spontaneous  operation 
of  laws  which  have  their  seat  of  action  in  the  minds  of  individuals,  with, 
out  any  attempt  on  the  part  of  society,  as  such,  to  exert  a  controlling  in- 
fluence ;  in  other  words,  without  allowing  the  State  or  institutions  for 
general  government  any  higher  function  than  that  of  protecting  individual 
freedom." 

It  is,  therefere,  the  laissez-faire  theory  of  political  economy  which  thus 
is  charged  with  hostility  at  once  to  Christianity  and  humanity.  The 
buy-cheai)-and-sell-dear  system  elsewhere  described  by  him  as  a  policy 
**  in  trade  and  in  society,  which  makes  it  not  only  the  interest,  but  the 
natural  course  of  every  one  to  prey  upon  his  fellow-men  to  the  full  extent 
of  his  power  and  cunning,  and  is  well  fitted  to  carry  selfishness  to  its 
highest  limits,  and  to  extinguish  every  spark  of  mutual  kindness."  His 
political  economy  was  a  system  of  philosophic  benevolence,  a  doctrine  of 
justice,  mercy,  and  truth,  with  a  resulting  economic  policy  of  protection 
to  productive  industry,  leading  to  the  highest  human  welfare.  In  the 
appendix  and  notes  to  his  second  edition  of  the  **  New  Themes,"  he  has 
given  us  a  whole  library  of  the  literature  of  Charity.  In  the  hundreds  or 
treatises  there  cited  and  briefly  epitomized,  he  exhibits  a  breadth  of  sur- 
vey and  depth  of  iniquiry  that  one  would  think  must  exhaust  the  subject. 
It  was  the  result  of  many  years  of  labor,  directed  by  a  zeal  that  nothing 
could  inspire  and  sustain  but  a  heartfelt  devotion  to  the  work  of  social 
duty  and  remedial  beneficence.  May  I  not  here  add,  as  a  reflection  that 
concerns  the  students  of  social  science,  that  the  system  of  economic  doc- 
trines which  secured  the  assent  of  a  mind  so  fully  informed,  so  eminently 
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endowed,  and  so  long  and  zealously  devoted  to  a  search  after  truth,  is 
entitled  to  all  the  contidenoe  that  authority  can  give,  and  justly  claims 
.most  studious  attention. 

Having  rendered  his  best  personal  services  to  the  subject  -which  he  had 
so  much  at  heart,  he  further  evidenced  his  earnestness  and  solicitude  for 
its  still  more  formal  and  more  adequate  treatment  by  offering  a  prize  of 
$500  for  a  treatise  upon  the  law  or  doctiine  of  Christian  charity,  accom- 
panying the  oflfer  with  a  general  outline  directory  of  the  plan  of  the  re- 
quired work,  indicating  its  essential  points  ;  among  which  are  to  be  noted 
the  organization  of  labor  ;  international  trade  in  its  effects  upon  the  re- 
wards of  domestic  labor  ;  the  subject  of  public  education  ;  the  law  of 
charity  as  applying  to  the  poor,  the  suffering,  the  imprisoned,  the  vicious, 
the  insane,  the  intemperate,  the  dangerous,  &c.,  &c. 

I  am  not  aware  that  any  work  of  real  merit  was  secured  by  the  liberal 
reward  offered.  No  such  book  having  been  published,  it  is  presumable 
that  no  response  was  made. 

There  remains  yet  to  be  considered,  in  such  manner  as  my  limits  allow, 
another  and  a  highly  important  division  of  the  service  rendered  to  the 
public  by  Mr.  Oolwell,  in  an  official  position  to  which  his  high  reputa- 
tion called  him  in  the  65th  year  of  his  age.  In  June,  1865,  he  was  ap- 
pointed upon  the  Commission,  authorized  by  Act  of  Congress,  *' to  in- 
quire and  report  upon  the  subject  of  raising  by  taxation  such  revenue  as 
may  be  necessary  in  order  to  supply  the  wants  of  the  government,  having 
regard  to,  and  including  the  sources  from  which  such  revenue  should  be 
drawn,  and  the  best  and  most  efficient  mode  of  raising  the  same.''  In 
the  service  imposed  by  this  appointment  he  continued  till  the  midsummer 
of  1866,  when  the  work  assigned  was  finished  and  fully  reported.  The 
labor  thus  undertaken  and  performed  interrupted  and  even  ended  the  ac* 
tive  literary  pursuits  and  practical  work  of  his  life.  His  family,  whose 
tenderly  affectionate  watchfulness  makes  them  the  best  and  most  compe- 
tent witnesses,  attribute  to  his  exacting  and  exhausting  toil  in  the  duties 
of  this  position  that  failure  of  his  health  which  soon  afterwards  obliged 
him  to  relinquish,  in  great  measure,  his  life-long  pursuits  both  as  student 
and  as  writer. 

In  the  Report  of  the  Revenue  Commission,  communicated  to  Congress 
in  January,  1866,  and  pubhshed  in  a  large  octavo  volume  by  authority  of 
the  House  of  Representatives,  may  be  found  the  special  reports  of  Mr. 
Col  well  on  "The  Influence  of  Duplication  of  Taxes  upon  American  In- 
dustry— upon  the  Relations  of  Foreign  Trade  to  Domestic  Industry  and 
Internal  Revenue — upon  Iron  and  Steel — and  on  Wool  and  Woolens." 
Two  other  reports  of  his,  one  upon  High  Prices  and  their  Relations  with 
Currency  and  Taxation,  and  another,  upon  Over- importation  and  Relief, 
are  not  included  in  this  volume.  How  he  executed  the  work  which  fell 
to  his  share  of  the  duties  of  the  Commission,  it  is  enough  to  say  that  Tie 
did  it  to  assure  us  of  finding  therein  the  fullest  discussion  of  those  vastly 
comprehensive  subjects,  based  upon  the  most  ample  store  of  statistical 
facts,  and  arrayed  with  that  force  which  the  soundest  theoretical  princi- 
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pies,  and  the  largest  practical  acquaintance  with  the  details  which  enter 
into  the  several  subjects  of  inquiry,  alone  could  give. 

The  work  done  by  him,  outside  of  that  which  his  own  pen  has  reported,  - 
was  of  itself,  and  independently,  worthy  of  permanent  record.  The 
Secretary  of  the  Wool  Manufacturers'  Association,  Mr  J.  L.  Hayes,  an 
eminently  capable  witness,  thus  speaks  of  his  agency  and  influence  in 
harmonizing  the  conflicting  interests  of  the  agriculturists  and  manufac- 
turers of  this  staple  industry  of  the  nation :  '<  The  conferences  between 
the  two  committees  (representing  the  respective  parties)  commenced  in 
January,  1865,  and  were  continued  without  much  pause  for  six  months.  At 
the  outset  the  two  committees  were  widely  apart  in  their  views,  and  the 
traditional  jealousies  became  at  once  apparent.  Here  the  weight  of  char- 
acter disinterestedness,  and  moral  power  of  Mr.  Golwell  came  into  play. 
He  was  personally  present  at  many  of  these  conferences,  and  I  am  con- 
vinced that  the  harmonious  arrangement  finally  made  was  mainly  due  to 
his  influence.  This  influence  was  perfectly  unobtrusive,  but  both  parties 
had  absolute  reliance  upon  Mr.  Col  well's  integrity  and  wisdom,  and  a 
mere  hint  from  him  was  sufficient  to  give  a  right  direction  to  our  coun- 
cils. Some  of  the  suggestions  which  he  made  were  of  great  practical 
value."  Of  one  of  these  this  gentleman  says  :  '*  It  has  been  in  operation 
five  years,  and  it  is  a  constant  surprise  to  manufacturers  and  growers 
that  so  brief  an  act,  affecting  so  many  really  distinct  branches  of  indus- 
try, should  cover  so  much  and  operate  so  wisely."  Again  he  says  :  *'  The 
bill,  of  which  the  chief  features  are  due  to  Mr.  Col  well's  suggestions,  is 
wonderfully  sustained ;  its  practical  working  is  really  remarkable  for  its 
success,  *  *  *  but  the  influence  upon  our  own  industry  is  by  no  means 
the  chief  object.  The  wool  tariff  is  the  key  to  the  protective  position  in 
this  country.    It  secures  the  agricultural  interest  and  the  West." 

His  treatment  of  this  subject,  and  the  reports  upon  trade,  production, 
prices  and  national  finance,  place  him,  in  my  judgment,  highest  among 
the  authorities  in  our  history  in  whatever  combines  knowledge  of  facts 
and  soundness  of  economic  principles.     Quite  sure  am  I  that  there  is  not 
so  much  of  practical  value  and  guiding  principle  to  be  learned  even  in 
that  great  storehouse  of  economic  literature  which  he  has  given  to  the 
University.    The  earnest  and  intelligent  student  of  the  industrial  and 
commercial  policy  of  our  country  who  may  give  to  these  reports  the  at- 
tention that  is  their  due,  will  find  himself  prepared  for  a  safe,  clear  and 
satisfactory  judgment  upon  all  of  the  many  questions  therein  embraced. 
Incidentally,  but  necessarily,  intermixed  with  the  history  and  statistics 
of  our  national  industries,  an  unusually  effective  examination  of  the 
theories  of  free  trade  and  protection  finds  a  deservedly  prominent  place  in 
these  reports  ;  and  the  predominant  claims  of  labor  upon  the  care  of  gov- 
ernment and  the  regard  of  the  community  is  the  ^pervading  spirit  and 
mling  impulse  of  all  that  he  here  has  written.    His  heart  was  in  this  mat- 
ter, and  his  philosophy  most  happily  corroborated  his  philanthropy.    The 
key  to  all  his  economic  doctrines  is  in  such  simple  self-proving  proposi- 
tions as  these  :     "  The  highest  condition  of  national  welfare  depends  upon 
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the  highest  condition  of  the  masses  of  the  people  in  point  of  morals, 
religion,  intelligence,  social  ease,  and  comfort.'*  "The  industry  of  a 
nation  is  an  interest  so  vital  as  to  be  equaled  only  by  its  internal  liber- 
ties and  its  independence  of  foreign  control.  As  the  tendency  of  full  em- 
ployment is  to  exclude  crime,  the  benefits  of  that  high  integrity  which  is 
the  best  cement  of  society,  may  be  expected  to  reward  a  nation  in  which 
occupation  is  the  most  varied  and  labor  best  remunerated.'* 

Last  to  be  noticed,  although  not  latest  in  its  presentation  to  the  world, 
is  Mr.  Colweirs  highly  valuable  work  on  money  and  its  substitutes,  credit 
and  its  institutions,  entitled,  **  Ways  and  Means  of  Payment :  a  full  ana- 
lysis of  the  credit  system,  with  its  various  modes  of  adjustment,'^  Its  essen- 
tial object  is  that  of  laying  the  axe  to  the  root  of  that  pestilent  heresy 
which  teaches  that  prices  are  wholly  dependent  on  the  supply  of  money ; 
and  that,  to  use  the  words  of  Hume,  the  only  effect  of  an  increase  in  the 
abundance  of  the  precious  metals  is  that  of  '*  obliging  every  one  to  pay  a 
greater  number  of  those  little  white  or  yellow  pieces  than  they  had  been 
accustomed  to  do."  The  whole  question  of  prices  is  here  discussed  with 
a  care  characteristic  of  its  author ;  and  his  readers,  however  they  may 
chance  to  differ  from  him  in  regard  to  details,  can  scarcely  fail  to  agree 
with  him  in  the  belief  he  has  here  expressed,  that  *  *  among  the  innumera- 
ble influences  which  go  to  determine  tthe  general  range  of  prices,  the 
quantity  of  money  or  currency  is  found  to  be  one  of  the  least  effective." 
Truth,  however,  as  is  well  known,  travels  but  very  slowly  through  the 
world,  centuries  having  elapsed  since  demonstration  of  the  fact  that  the 
earth  revolved  around  the  sun,  and  four-fifths  of  the  human  race  yet  re- 
maining convinced  that  the  sun  it  is  that  moves,  and  not  the  earth.  So 
has  it  been,  and  so  is  it  like  to  be,  in  the  present  case,  the  most  eminent 
European  economists  still  continuing  to  teach  precisely  what  had  been 
taught  by  Hume,  and  statesmen  abroad  and  at  home  still  constructing 
banking  and  currency  laws  under  the  belief  that  in  the  "quantity  of 
money  or  currency  "  had  been  found  one  of  the  most  effective  causes  of 
changes  of  price,  Mr.  Col  well's  work  was  published  in  1859,  since  which 
date  so  much  light  has  been  thrown  on  the  subject  as  to  make  it  serious 
cause  for  regret  that  his  other  engagements,  and  his  failing  health,  should 
have  prevented  a  re- examination  of  the  case  by  aid  of  recent  facts,  all  of 
which  have  tended  to  prove  conclusively  the  accuracy  of  the  views  pre- 
sented in  the  very  instructive  volume  to  which  reference  has  now  been 
made. 

A  word  more  and  I  shall  have  done.  Of  all  the  men  with  whom  I  have 
at  any  time  been  associated  there  has  been  none  in  whom  the  high-minded 
gentleman,  the  enlightened  economist,  the  active  and  earnest  friend  to 
those  who  stood  in  need  of  friendship,  and  the  sincere  Christian,  have 
been  more  happily  blended  than  in  the  one  whose  loss  we  all  so  much  re- 
gret, and  of  whose  life  and  works  I  here  have  made  so  brief,  and,  as  I 
fear,  so  inadequate  a  presentation. 
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Observations  on  the  distribution  of  certain  Extinct  Vertebrata  in  North 

Carolina. 

Bt  Edward  D.  Cope. 

(Read  before  the  American  Philosophical  Society,  November  17,  1871). 

DiODON  L. 

DiODON  ANTIQUU8,  Leidy.  Proc.  Acad.  Nat.  Sci. 
Superior  and  inferior  jaws  from  the  Miocene.  This  fish  was  described 
from  transported  and  much  worn  specimens  from  the  Ashley  River,  South 
Carolina.  The  present  specimens  are  unworn,  and  display  the  characters 
of  the  species.  These  are  very  much  like  those  of  the  recent  D.  filamen- 
iosus.     The  species  appears  also  to  pertain  ta  the  horizon  of  the  Miocene. 

Belodon,  Myr. 
Teeth  of  both  the  smooth  and  fluted  types  were  found  by  Prof.  Kerr  in 
Chatham  Co.,  N].  C.     The  latter  (B.  carolinensis,  Emm.)  appear  also  to 
occur  in  Wheatley's  collection,  from  the  Trias  of   Phcenixville,  Penn. 
Three  successive  forms  of  the  maxillary  teeth  of  B.  priscus  are  figured. 

Thecachampsa,  Cope. 
Thecachampsa  rugosa,  Emmons. 

Polyptychodon  rugosus,  Emmons,  Geol.  Surv.  N.  C. 

Emmons*  figure  of  this  species  is  not  distinguishable  from  a  worn  ca- 
nine of  a  Basilosaxirus,  and  as  such  I  regarded  it  on  a  former  occasion. 
An  examination  of  a  specimen  received  from  Prof.  Kerr,  shows  that  its 
affinities  are  Crocodilian,  and  its  structure  similar  to  that  of  Thecachamp- 
sa, Cope.  It  is  more  strongly  rugose-striate  than  in  any  of  the  known 
species,  but  is  approached  in  rugosity  by  Thecachampsa  squankensis, 
Marsh.     The  range  of  the  genus  is  thus  extended  to  N.  Carolina. 

Clepsysaurus,  Lea. 

Teeth  of  this  genus  are  very  rare,  one  only  having  been  observed  by  Dr. 
Lea.  Prof.  Emmons  believed  that  he  had  discovered  two  species  in  the 
Trias  of  North  Carolina,  C,  penn»ylvanicus  and  O.  leaii.  The  greater 
part  of  the  remains  on  which  thepe  were  based  I  have  shown  to  be  Belo- 
don ts,  but  one  tooth  figured  by  Emmons,  N.  C.  Geol.  Surv.,  PI.  V.  f.  3, 
may  belong  to  this  genus. 

Prof.  Kerr's  collection  contains  two  teeth  which  are  identical  with  that 
associated  with  the  C.  pennsylvanicus  by  Lea,  one  of  them  nearly  perfect, 
the  other  the  basal  portion  only.  They  exhibit  two  minutely  denticulated 
cutting  edges,  separated  by  one-third  of  the  circumference.  This  third  is 
nearly  flat,  the  remaining  portion  being  very  convex.  One  cutting  edge 
extends  to  the  base  of  the  crown,  the  other  occupies  only  the  distal  two- 
thirds.  The  section  of  the  tooth  would  be  round  at  the  base  were  it  not 
for  the  projection  of  the  cutting  edge.  The  enamel  is  minutely  striate, 
under  the  glass.  The  base  of  the  larger  tooth  measures  .75  of  an  inch  in 
diameter.     The  figure  of  Emmoi>s  leaves  something  to  be  desired,  as  he 
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does  not  represent  the  long  cutting  edge  of  the  ci-own.  His  descriptions 
of  the  tooth  appear  to  refer  to  this  ganus.  Kerr's  specimens  are  conclu- 
sive as  to  the  extent  of  this  formidable  genus  of  carnivorous  Dinosauria 
to  N.  Carolina. 

Zatomus,  Cope. 

This  genus  embraces  reptiles  whose  teeth  are  described  and  figured  by 
Prof.  Emmons,  American  Geology,  Pti  VI.  p.  62,  fig.  34.  He  found  them 
associated  with  radiate  osseous  plates  (probably  dermal)  which  he  found 
on  one  occasion  in  connection  with  the  cranium  of  the  supposed  Laby- 
rinttiodont,  Dictyocephalus  elegans,  Leidy.  Both  the  plates  and  teeth  are 
too  large  to  be  associated  with  the  latter,  and  the  teeth  especially  remind 
one  of  the  Dinosauria.  Emmons  describes  a  tooth  in  the  following  lan- 
guage : 

**It  is  compressed,  curved,  finely  serrate  posteriorly,  which  appears  to 
point  to  the  apex,  when  seen  so  as  to  bring  into  view  a  slight  wrinkle  or 
groove  at  the  base  of  each  tooth.  Its  enamel  covers  the  whole  crown,  or 
all  above  the  part  implanted  or  inserted.  The  enamel  is  finely  or  minutely 
wrinkled,  and  at  the  posterior  edge,  at  the  junction  of  the  plates  at 
each  side,  a  faint  groove  remains ;  and  the  serrae  appear  like  a  double 
row,  but  near  the  apex  they  entirely  disappear ;  the  convex  or  anterior 
edge  is  smooth. 

*'  The  tooth  appears  much  like  the  tooth  of  a  Megalosaurus  in  miniature, 
though  it  is  less  curved.  I  have  found  only  two  teeth  of  this  kind  ;  the 
smallest  is  half  the  size  of  the  one  figured."  This  size  is  Om.  022  in 
length  ;  diameter  at  base  .012. 

In  the  section  given  by  Emmons,  one  side  of  this  tooth  is  a  little  more 
convex  than  the  others. 

The  affinities  of  this  genus  appear  to  be  to  Teratosaurus  and  Lmlaps, 
From  both  of  these,  as  well  as  from  MegalosauruSf  it  differs  in  the  absence 
of  serration  from  the  anterior  margin,  and  in  the  groove  in  the  posterior 
cutting  edge  dividing  it  into  two  appressed  serrate  edges  which  disappear 
near  the  apex.  The  species  may  be  called  Zatomus  sarcopTiagus.  Its 
size  about  equalled  large  specimens  of  the  Southern  Alligator. 

Hypsibema,  Cope. 

Char.  gen.  Proportions  of  limbs  and  feet  much  as  in  Hadrosaurus. 
The  caudal  vertebrae  elongate  and  depressed,  in  the  median  part  of  the 
series. 

The  elongate  depressed  form  of  caudal  vertebrsB,  distinguishes  this  genus 
from  Hadrosaurus.  The  latter  possesses  elongate  vertebrae  near  the 
extremity  of  the  series,  but  anterior  to  this  point,  they  are  first  subqua- 
drate  in  profile,  then  proximally  much  narrowed.  The  form  exhibited  by 
the  known  species  of  this  genus  is  more  like  that  of  Hylaeosaurus  Mant. 

Htfsibema  crassicauda.  Cope. 
The  remains  on  which  this  species  is  founded  consists  of  the  distal 
extremity  of  the  right  humerus,  a  portion  of  the  shaft  of  the  left  tibia,  a 
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portion  of  the  fibula,  the  right  internal  metatarsus  somewhat  broken,  and 
a  caudal  vertebra.  There  are  other  uncharacteristic  fragments,  and  a 
piece  which  may  be  a  dermal  bone. 

Associated  with  them  are  several  coprolites  of  large  animals. 

These  species  indicate  an  animal  of  about  the  size  of  the  Hadrosaurns 
foulkei,  Leidy,  and  with  a  similar  disproportion  in  the  lengths  of  the 
limbs. 

This  is  readily  appreciated  on  comparison  of  the  huge  metatarsus  with 
the  light  humerus.  The  medullary  cavity  of  the  tibia  is  large  ;  that  of 
the  humerus  small. 

The  portion  of  the  humerus  preserved  is  injured,  and  the  condyles  are 
worn.  Its  relation  to  that  of  H.  foulkei  is  readily  determined,  and  on 
comparison  the  following  marked  differences  appear :  The  ridge  connect- 
ing the  external  condyle  with  the  shaft  posteriorly  is  acute  ;  it  is  rounded 
in  H.  foulkei.  External  distal  face  is  flat  or  slightly  concave ;  in  H. 
foulkei  somewhat  rounded.  It  is  at  right  angles  to  the  plane  of  the 
anterior  face,  and  forms  with  it  rather  less  than  a  right  angle ;  in  H. 
foulkei  this  region  is  rounded.  Distally,  the  shaft  is  much  flattened  in 
H.  crassicauda. 

Measurements.  Lines. 

Antero-posterior  diameter  of  shaft,  just  above  condyles 20.5 

Width  external  face  distally 24. 

**       olecranar  fossa 16. 

**       condyles,  (estimated) * 64. 

The  anterior  face  at  over  three  inches  above  the  condyles  is  slightly  con- 
cave. About  4.5  inches  above  the  articular  face  of  the  external  condyle, 
the  acute  ridge  dividing  the  posterior  and  external  faces  disappears,  and 
the  surface  becomes  regularly  rounded. 

The  portion  of  the  tibia  is  from  the  shaft  of  that  of  the  left  side,  just 
below  the  superior  antero-posterior  expansion.  Therefore,  the  inner  face 
is  the  most  extensive,  and  the  posterior  the  least  so.  It  diffei*s  from  the 
same  part  in  H.  foulkei,  in  its  less  angularity,  especially  in  the  more 
rounded,  and  less  deflued  posterior  face. 

The  internal  face  narrows  downwards,  and  while  the  greater  diameter 
of  the  fragment  above  is  antero-posterior,  below  it  is  diagonal,  the  anterior 
point  being  the  inner. 

Measurements.  Lints. 

Antero-posterior  diameter  above 48. 

Transverse  **  ** 22.5 

*•  **    medullary  cavity 20.5 

The  portion  of  the  fibula  is  the  distal,  and  resembles  that  of  Hadrosaa- 
rus  foulkei,  in  being  slightly  expanded  near  the  extremity,  and  cylindric 
in  the  lower  part  of  the  shaft.  In  both  genera  and  Ornithotarsus,  Cope, 
the  distal  exterraity  of  the  fibula  is  less  attenuated  then  in  Iguanodoo. 
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Lines, 

Transverse  distal  diameter. 40.5 

**         five  inches  above 80. 

The  right  internal  metatarsus  also  bears  considerable  resemblance  to  H. 
foulkei.  Its  proximal  extremity  is  much  more  convex  in  its  inner  out- 
line than  in  that  species.  The  inner  proximal  face  is  plane  and  longi- 
tudinally wrinkled.  The  proximal  or  tarsal  articular  face  is  concave 
anteriorly ;  its  plane  is  at  right  angles  to  the  axis  of  the  shaft  of  the  bone. 
It  is  strongly  oblique  in  H.  foulkei,  and  a  rib-like  prominence  of  the  outer 
face  crosses  the  latter  obliquely  aud  at  right  angles  to  the  proximal 
extremity.  No  such  rib  exists  in  the  present  case,  because  the  weight 
was  supported  by  the  shaft  of  the  bone,  directly  and  not  obliquely  as  in 
Hadrosaurus.  Thus  the  Hypsibemas  walked  more  exactly  on  the  toes 
than  did  the  Hadrosauri. 

The  posterior  margin  is  thinner,  and  as  in  H.  foulkei,  presents  a  rather 
small  median  protuberance.  The  distal  condyle  is  broken  away,  but  the 
twist  of  the  distal  portion  of  the  shaft  shows  that  it  was  directed  away 
from  the  adjoining  metatarsal,  posteriorly. 

Measurements,  In,  Lines, 

Length  from  antero-superior  to  postero-inferior,  10  10 
Extremity  (iuferior  articular  face  worn  away), 

Traverse  diameter  proximally 3 

medially 2  3.5 

Antero-posterior  diameter  medially 3  6. 

The  diameters  of  the  shaft  are  somewhat  larger  than  in  the  H.- foulkei 
given  by  Leidy, 

The  caudal  vertebra  is  of  large  size  and  peculiar  form.  The  centrum  is 
considerably  wider  than  deep,  and  considerably  longer  than  wide.  The 
posterior  chevron  articulations  are  small,  and  each  is  connected  with  each 
anteiior  by  a  strong  rounded  angulation.  Between  the  latter  the  space  is 
wide  and  slightly  concave  in  transverse  section,  least  so  medially.  A 
marked  peculiarity  is  seen  in  the  strong  longitudinal  ridge  which  divides 
the  lateral  surface  of  the  vertebra  into  two  nearly  equal  faces.  The 
neural  arch  is  elongate,  the  neural  canal  small:  in  section  a  short  vertical 
ellipse.  The  articular  face  of  the  zygapophyses  makes  an  angle  of  about 
thirty-five  degrees  to  the  perpendicular.  The  crest  of  the  arch  rises  a 
half  inch  behind  these  into  the  very  stout  basis  of  the  neural  spine,  the 
greater  part  of  which,  with  the  posterior  zygapophyses,  is  broken  oflF. 
The  inclination  of  the  base  is  about  65^  to  the  vertical  diameter  of  the 
bone,  The  articular  faces  are  both  slightly  concave,  as  are  the  lateral 
faces  which  are  separated  by  the  lateral  ridge. 

In,        Lines, 

Length  of  centrum 4  6 

**     basis  of  neural  arch 2  9 

Width  posterior  articular  face 4 
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In.        Lines. 

Depth        **          medially 2                   8 

**            "         laterally 3                  3 

"      basis  neui-al  spine 12 

Transverse  diameter  neural  canal  behind. 10 

Width  between  latero- inferior  ridges 1                   9 

**      vertical  face  of  zygapophyses 11 

There  is  a  slight  rugose  protuberance  in  the  position  of  the  diapophysis. 

The  peculiarities  of  this  vertebra  indicate  most  strikingly  the  generic 
distinctness  of  this  great  reptile  from  the  Hadrosaurus.  It  is  true  it 
presents  some  similarity  in  form  to  the  terminal  caudals  of  that  genus 
and  if  it  could  be  referred  to  that  portion  of  the  series,  would  indicate 
merely  another  and  larger  species  of  Hadrosaurus.  It  dififers  in  form  from 
these  vertebrae,  in  its  depressed  instead  of  compressed  form,  and  its 
lateral  angulation.  That  it  belongs  to  a  more  anterior  position  in  the 
tail  is  evident  from  the  very  large  size  of  the  basis  of  the  neural  spine, 
and  general  greater  development  of  the  neural  arch  and  zygapophyses, 
and  the  trace  of  diapophyses.  Further,  it  is  over  four  times  the  size  of 
the  terminal  caudals  of  H.  foulkei,  while  the  remaining  elements  do  not 
indicate  any  such  extraordinary  dimensions.  A  position  a  little  behind 
the  middle  of  the  series  would  relate  well  to  the  other  proportions. 

This  is  another  of  those  remarkable  forms  which  the  reptilian  type 
developed  in  past  ages.  That  it  was  herbivorous,  and  relied  less  on  its 
tail  for  support  than  Hadrosaurus,  appears  probable.  Large  caprolites 
of  the  character  of  those  of  herbivorous  animals  accompanied  the  bones. 
They  resemble  somewhat  those  of  the  hog  ;  one  has  a  diameter  of  3.5  inches 
one  way,  and  2  inches  the  other;  extremity  broad,  obtuse.  The  pro- 
prietor of  the  pit  told  the  writer  that  he  had  more  than  once  seen  large 
"hoofs"  **and  wide  toe-joints'*  taken  out  during  the  excavation. 

This  species  is  different  from  the  Ornithotarsus  immanis.  Cope,*  and 
belongs  to  a  different  genus.  The  shaft  of  the  tibia  in  the  latter  is  filled 
with  cancellous  tissue  ;  in  the  present  animal  it  is  entirely  hollow. 

From  the  marl  pits  of  James  King. 

Hadrosaurus,  Leidy. 
Hadrosaurus  tripos.  Cope. 

At  a  point  about  ten  miles  distant  from  the  marl  pit  in  which  the 
Hypsibema  was  found,  Prof.  Kerr  discovered  a  caudal  vertebra  of  a 
colossal  reptile,  whose  affinities  are  evidently  near  to  the  Hadrosaurus 
foulkei. 

This  vertebra  is  one  of  the  distal,  as  evidenced  by  the  entire  absence 
of  any  trace  of  diapophysis,  and  its  subquadrate  longitudinal  section,  as 
well  as  by  the  small  size  of  the  neural  arch  and  spine.  At  first  sight  it 
would  appear  to  occupy  a  position  between  the  thirtieth  and  thirty-sixth 
of  the  series ;  the  former  in  H.  foulkei  has,  however,  rudiments  of  a 
diapopbysis.     Both  its  articular  faces  are  distinctly  biconcave.     The  large 
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size  of  the  chevron  articular  face  is  as  in  the  thirtieth,  and  the  concavity 
of  its  lateral-  faces  as  in  the  twenty- sixth ;  in  the  thirty-sixth  the  sides 
are  entirely  plane.  The  round  form  of  the  neural  canal,  as  well  as  lack 
of  diapophysis,  are  points  of  resemblance  to  the  thirty-sixth,  but  it  is 
more  than  twice  as  long  as  that  vertebra  in  the  H.  foulkei .  In  the  thirtieth 
the  neural  canal  is  somewhat  depressed  and  becomes  more  so  as  we 
advance  towards  the  proximal  pait  of  the  series.  The  small  antero-pos- 
terior  extent  of  the  neural  arch  is  much  as  in  the  thirtieth  in  H.  foulkei, 
but  the  basis  of  the  neural  spine,  which  is  broken  off  in  this,  as  well  as 
the  odd  species,  is  much  more  slight.  It  is  so  very  thin  and  weak  as  to 
indicate  either  comparatively  a  slight  development  of  the  spine,  or  a 
very  posterior  position  in  the  series.  A  weak  lateral  ridge  marks  the  side 
of  the  centrum,  which  is  below  the  middle  line.  It  holds  the  same  position 
in  the  thirty-sixth  in  H.  foulkei,  but  is  above  the  middle  in  the  thirtieth 
and  those  anterior. 

Measurements.  In,        Lines, 

Depth  centrum  to  summit  chevron  articulation. . .     5 
**     from  neural  canal  without  chevron  face. . .     4 
Greatest  width      *•  •'  **        ...     4  9 

Length  centrum 4  3 

**        neurapophysis 2  6 

Width  between  anterior  zygopophyses 1  3 

**       of  arch  above 1  6 

**       neural  canal 10 

Depth  ''  10 

**      basis  neural  spine 5 

This  specimen  was  procured  from  the  marl  pit  of  W.  J.  Thompson, 
Sampson  Co.,  N.  Carolina. 

A  second  and  much  smaller  vertebra  from  the  pit  that  furnished  the 
remains  of  Hypsibema  crassicauda,  belonged  to  a  third  individual,  and 
possibly  to  this  species.  Its  proportions  would  point  to  a  position  near 
the  end  of  the  tail,  and  its  form  is  less  elongate  and  compressed  than 
those  in  that  position  in  H.  foulkei.  Its  neural  arch  is  not  coossified.  The 
extremities  are  slightly  concave,  the  general  form  subquadrate. 

Lines, 

Length  of  centrum 20.5 

Diameter  extremity,  (vertical) 18. 

**  **  (transverse) 21.5 

**        middle  **  15. 

The  first  named  vertebra  pertained  to  an  immense  species,  perhaps 
double  the  Hadrosaurus  foulkei,  in  weight  and  bulk,  should  the  general 
proportions  of  the  two  have  been  tit  all  similar.  In  that  case  the  length 
of  the  femur  would  be  sixty-two  and  a  quarter  inches. 

It  will  remain  for  future  discovery  to  determine  whether  the  species  is 
the  same  as  the  Oiuithotarsus  immanis. 
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PLATE  I. — ITypsibema  craasicauda. 

1.  Caudal  Vertebra  of  Hadrosaurus  tripos,  side.     la.  Articular  face. 

2.  do.  young?    a.  end,  b.  below. 

3.  Eschrichtius  polyporus,  side.     3a.  above. 

PLATE  II. — Eypsihema  crassicauda, 

1.  Humerus,  distal  portion,  from  below,     la.  From  end. 

2.  Tibia  shaft,  from  the  side  ;  2a.  from  end. 

3.  Caudal  Vertebra. 

4.  Coprolite  fragment. 

PLATE  III. — Hadrosaurus  tripos,    EschricMius  polyporus. 

1.  Fibula,  lower  portion  ;  a.  proximal  end  of  fragment. 

2.  Outer  metatarsal,  inner  side  ;  2a.  proximal  end  of  do. 

PLATE  IV. — Mesoteras  kerrianus.  Clepsysaurus  pennsyUanicus,  Th&- 
cacJiampsa  rugosa,  Polydectes  hiturgidus,  Belodon  priscus,  Diodon 
antiquus. 

1.  Mesosteras  kerrianus,  •penotichoues.  la.  Interior  view;  lb.  end  view. 

2.  Polydectes  hiturgidus,  crown  of  tooth,  side  ;  2a.  inner  view. 

3.  Thecachampsa  rugosa,  crown  of  tootb,  inner  view. 

4.  Clepsysaurus,  tooth,  inside  view ;  4a.  posterior   view ;   4b.   section 
base  ;  4c.  do.  near  extremity ;  4d.  bas9  of  larger  sp. 

5.  Belodon  ?  priscus,  anterior  tooth ;  5a.  posterior  view  of  another ;  5b. 
lateral  view  of  a  posterior  tooth  ;  5c.  edge  of  do. 

6.  Diodon  antiquus,  upper  jaw  front ;  6a.  do.  from  below ;  6b.  lower 
jaw  from  front ;  6c.  do.  from  above. 


Stated  Meeting^  December  1,  1871. 

Present,  ten  members. 

Dr.  Emersox  in  the  Chair. 

A  letter  of  acknowledgment  (86)  was  received  from  the 
Society  of  Antiquaries,  dated  London,  November  8. 

Letters  of  envoy  were  received  from  the  Pontifical  Academy 
d.  N.  L.,  dated  Eome,  June  7,  1869;  and  from  the  Pubhc 
Museum,  at  Buenos  Ayres,  dated  July  12,  1871. 

A  letter  Avas  received  from  Mr.  H.  H.  Ijeech,  dated  New 
York,  Nov.  18,  1871,  offering  for  sale  the  MSS.  Fables  of  M. 
Lorin,  of  Paris. 

Donations  for  the  Library  were  announced,  from  the  P.  A. 
d.  N.  L.  at  Rome,  the  R.  Institutes  at  Milan  and  Venice,  the 
R.  Observatories  at  Moncaliere  and  Turin,  Signori  Dorna, 
Biffi,  Muoni,  Buccellati,  Ferraris,  Gabba,  Mussi  and  Denza; 
from  the  Public  Museum  at  Buenos  Ayres ;  the  Editors  of 
the  Revue  Politique,  Old  and  New,  the  American  Chemist, 
and  from  Yale  College. 

A  photographic  copy  of  the  quasi  coin  described  below, 
was  presented  to  the  Cabinet  by  Mr.  Dubois. 

An  Obituary  notice  of  Sir  John  F.  W.  Herschel,  written 
by  Mr.  H.  W.  Field,  of  the  Royal  Mint,  London,  pursuant  to 
appointment,  was  read  by  Mr.  Patterson. 
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Obituary  Notice  of 

Sir  John  Frederick  William  Herschei^  Bart., 

By  Mr.  Henry  W.  ^eld,  of  London. 

Read  before  the  American  Philosophical  Society,  December  1,  1871. 

It  is  the  painful  duty  of  our  Society  to  record  the  loss  we  have  sus- 
tained in  our  membership,  and  indeed  we  may  well  say,  the  loss  to  the 
world  in  general,  by  the  decease  of  the  illustrious  Sir  John  F.  W.  Her- 
schel,  Bart. 

His  father,  Sir  William  Herschel,  came  from  Hanover  to  England,  in 
1759,  as  one  of  the  Hanoverian  Guards'  Band;  and  was  for  some  time  the 
subject  of  disappointment  and  privation.  He  however  became  instructor 
to  a  regimental  band,  stationed  in  the  North,  and  fortunately  obtained  an 
organist's  appointment  in  Yorkshire,  and  subsequently  at  Bath.  Here 
it  was  that  his  taste  for  astronomy  became  developed,  and  from  whence 
his  first  papers,  "Observations  of  the  Periodical  Star  Mira  Ceti  "  issued. 
They  were  read  before  the  Royal  Society,  in  London,  on  the  10th  May, 
1780. 

In  1781,  the  results  of  his  studies  and  speculations  led  to  his  great  dis- 
covery of  Uranus  (specially  interesting  from  its  leading  to  the  discovery 
of  the  remote  planet  Neptune)  which  placed  him  most  prominent  in  Sci- 
entific rank,  which  standing  he  retained  until  his  death  in  1822,  being  then 
in  his  84th  year. 

Mr.  Herschel,  our  lamented  member,  (unlike  his  father  who  raised  him- 
self from  the  humble  rank  of  a  regimental  musician)  after  being  edu- 
cated privately  by  a  Mr,  Rogers,  at  an  early  age  entered  St.  John's  College, 
Cambridge,  where  by  his  great  success  and  taste  for  science  he  graduated 
B.  A.  in  1813.  He  came  out  in  the  Mathematical  Tripos,  Senior  Wrangler; 
an  honor  which  was  further  enhanced  by  his  attainment  of  the  Fir  s 
Smith's  Prize.  That  his  year  was  what  is  called,  in  Cambridge,  "  a  good 
year,"  is  evident  from  the  names  of  the  distinguished  men  of  whom  he 
took  precedence,  such  as  the  following : — Peacock,  Dean  of  Ely ;  Fallows, 
late  Astronomer  Royal  at  the  Cape  ;  Romilly,  late  Registrar  of  the  Uni- 
versity ;  Amos,  Mill,  and  other  men  of  note,  whose  names  adorn  the  Det 
partments  of  Science,  Theology  and  Literature.  It  may  be  worth  while 
to  note  the  feeling  which  subsisted  among  his  fellow  collegians ;  Charles 
Babbage,  the  mathematician  (lately  deceased)  who  coveted  the  honor  of 
of  Senior  Wranglership,  but  knowing  the  powers  of  his  antagonist,  Her- 
schel, declined  to  appear  in  the  Mathematical  Tripos,  choosing  rather  to 
be  at  the  Head  of  the  Poll. 

On  the  27  May,  1813,  he  was  elected  Fellow  of  the  Royal  Society,  and 
became  one  of  its  most  active  members,  receiving  in  1821  the  Copley 
medal. 

At  his  father's  death  he  pursued  that  branch  of  science  called  "  Observ- 
ing Astronomy,"  and  about  this  time  he  conceived  the  desirability  of  form- 
ing a  Special  Society,  and  was  most  active  in  its  foundation,  the  present 
**  Royal  Astronomical  Society." 
A.   P.  S. — VOL.  XII — 2b. 
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In  1881,  King  William,  as  a  tribute  to  his  great  scientific  services  con- 
ferred on  him  the  honor  of  knighthood. 

Sir  John  Hersjchel's  researches  on  the  positions  of  Nebulse  and  clusters 
of  stars,  took  up  many  years  of  his  life.  Several  of  the  results  he  pub- 
lished in  conjunction  with  Mr.  (after  Sir  James)  South,  for  which  a  re- 
ward of  a  gold  medal  was  presented  to  both  Astronomers.  Were  it  not 
for  the  sincere  love  of  science,  the  toil  of  these  proceedings  from  mid- 
night to  sunrise  would  not  have  taken  place;  for  no  one  can  tell  the  strain 
on  the  constitution,  the  severity  of  which  is  gleaned  from  his  observations 
while  discussing  the  double  stars.     He  remarked  : 

**  Should  I  be  fortunate  enough  to  bring  this  work  to  a  conclusion,  I 
shall  then  joyfully  yield  up  a  subject  on  which  I  have  bestowed  a  large 
portion  of  my  time,  and  expended  much  of  my  health  and  strength,  to 
others  who  will,  hereafter,  by  the  aid  of  those  masterpieces  of  workman- 
ship, which  modem  art  places  at  their  disposal,  pursue  with  comparative 
ease  and  convenience  an  inquiry  which  has  presented  to  myself  difficulties 
■uch  as  at  one  period  had  almost  compelled  me  to  abandon  it,  in  despair." 

In  1833,  Sir  John  Herschel  was  awarded  the  Royal  Medal  of  the  Royal 
Society,  for  his  paper  "  On  the  Investigation  of  the  Orbits  of  Revolving 
Double  Stars."  The  Duke  of  Sussex,  President,  gave  the  following 
graphic  account  of  his  labors  : 

"Sir  John  Herschel  has  devoted  himself,  as  you  well  know,  for  many 
years  at  least,  as  much  from  filial  piety  as  from  inclination,  to  the  exam- 
ination of  those  remote  regions  of  the  universe  into  which  his  illustrious 
father  first  penetrated,  and  which  he  has  transmitted  to  his  son  as  a  he- 
reditary possession,  with  which  the  name  of  Herschel  must  be  associated 
for  all  ages.  He  has  subjected  the  whole  sphere  of  the  heavens  within 
his  observation,  to  a  repeated  and  systematic  scrutiny.  He  has  determ- 
ined the  position  and  described  the  character  of  the  most  remarkable  of 
the  Nebulse.  He  has  observed  and  registered  many  thousand  distances 
and  angles  of  position  of  double  stars,  and  has  shown,  from  the  compari- 
son of  his  own  with  other  observations,  that  many  of  them  form  systems, 
whose  variations  of  position  are  subject  to  invariable  laws.  He  has  suc- 
ceeded by  a  happy  combination  of  graphical  construction  with  numerical 
calculations,  in  determining  the  relative  elements  of  the  orbits  which 
some  of  them  describe  round  each  other,  and  in  forming  tables  of  their 
motions ;  and  he  has  thiis  demonstrated  that  the  laws  of  gravitation, 
which  are  exhibited  as  it  were,  in  miniature  in  our  own  planetary  system, 
prevail  also  in  the  most  distant  regions  of  space  ;  a  memorable  conclusion 
justly  entitled  by  the  generality  of  its  character  to  be  considered  as  form- 
ing an  epoch  in  the  history  of  Astronomy,  and  presenting  one  of  the 
most  magnificent  examples  of  the  simplicity  and  universality  of  those 
fundamental  laws  of  nature,  by  which  their  great  Author  has  shown  that 
he  is  the  same  to-day  and  for  ever,  here  and  everywhere. 

**  That  he  was  not  a  mere  meditative  Philosopher,  but  one  of  laborious 
research  and  of  a  practical  turn,  appears  from  the  imposing  catalogue  of 
his  written  works,  a  few  of  which  I  may  be  pardoned  for  enumerating:  13 
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papers  on  Optics ;  28  on  Astronomy  ;  10,  Pure  Mathematics  ,  on  Geol- 
ogy ;  on  Photography  ;  on  Chemistry  ;  on  Natural  Philosophy. 

"  The  Encyclopedia  Britannica  boasts  of  excellent  articles  on  Light  and 
Sound,  and  Meteorology,  now  published  separately/* 

A  Manual  of  Scientific  Enquiry,  published  by  the  Admiralty. 

The  Philosophical  Transactions  contain  many  of  his  valuable  re- 
searches, especially  those  read  before  the  Royal  Society,  19  Nov.,  1863, 
which  will  ever  show  his  energy  and  perseverance  in  spite  of  the  infirmi- 
ties of  his  advancing  age.  In  fact,  turn  where  you  may,  light,  emanating 
from  Sir  John,  seems  to  cast  its  beams  on  almost  every  department  of 
Science. 

It  may  not  be  out  of  place  to  give  an  extract  from  his  work  '^  Outlines 
of  Astronomy,'*  a  book  which  fills  the  student's  mind  with  enraptured 
interest  in  the  marvels  which  he  reveals  in  plain  and  perspicuous  lan- 
guage ;  for  example : 

"There  is  no  Science  which,  more  than  Astronomy,  draws  more  largely 
on  that  intellectual  liberality  which  is  ready  to  adopt  whatever  is  demon- 
strated, or  concede  whatever  is  rendered  highly  probable,  however  new 
and  uncommon  the  points  of  view  may  be,  in  which  objects  the  most  fa- 
miliar may  thereby  become  placed.  Almost  all  the  conclusions  stand  in 
open  and  striking  contradiction  with  those  of  superficial  and  vulgar  ob- 
servation, and  with  what  appears  to  every  one  until  he  has  understood 
and  weighed  the  proofs  to  the  contrary,  the  most  positive  evidence  of  his 
senses.  Thus,  the  earth  on  which  he  stands,  and  which  has  served  for 
ages  as  the  unshaken  foundation  of  the  firmest  structures,  either  of  art 
or  nature,  is  divested  by  the  Astronomer,  of  its  attribute  of  fixity  ;  and 
conceived  by  him  as  turning  swiftly  on  its  centre,  and  at  the  same  time 
moving  onwards  through  space  with  great  rapidity.  The  sun  and  the  moon, 
which  appear,  to  untaught  eyes,  round  bodies  of  no  very  considerable  size, 
become  enlarged  on  his  imagination  into  vast  globes  :  the  one  approach- 
ing in  magnitude  to  the  earth  itself ;  the  other  immensely  surpassing  it. 
The  planets  which  appear  only  as  stars,  somewhat  brighter  than  the  rest, 
are  to  him  spacidus,  elaborate  and  habitable  worlds  ;  several  of  them 
much  greater  and  far  more  curiously  furnished  than  the  earth  he  inhabits, 
as  there  are  also  others  less  so ;  and  the  stars  themselves,  properly  so- 
called,  which  to  ordinary  apprehension  present  only  lucid  sparks  or 
brilliant  atoms,  are  to  him  suns  of  various  and  transcendent  glory,  ef- 
fulgent centres  of  life  and  light  to  myriads  of  unseen  worlds.  So  that, 
when  after  dilating  his  thoughts  to  comprehend  the  grandeur  of  those 
ideas  his  calculations  have  called  up,  and  exhausting  his  imagination  and 
the  powers  of  his  language  to  devise  similes  and  metaphors  illustrative  of 
the  immensity  of  the  scale  on  which  his  universe  is  constructed,  he 
shrinks  back  to  his  native  sphere ;  he  finds  it,  in  comparison,  a  mere 
point ;  so  lost,  even  in  the  minute  system  to  which  it  belongs,  as  to  be 
invisible  and  unsuspected  from  some  of  its  principal  and  remote  members." 

Without  fatiguing  the  Society,  I  think  the  following  paragraph  on  the 
study  of  Natural  Philosophy,  will  be  its  own  apology  for  insertion. 
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'*  Among  the  most  remarkable  of  the  celestial  objects,  are  the  revolving 
double  stars,  or  stars  which  to  the  naked  eye  or  to  the  inferior  telescope 
appear  single,  but  if  examined  with  high  magnifying  powers  are  found 
to  consist  of  two  individuals  placed  almost  close  together,  and  which  when 
carefully  watched  are  (many  of  them)  found  to  revolve  in  regular  elliptic 
orbits  about  each  other  ;  and,  so  far  as  we  have  as  yet  been  able  to  ascer- 
tain, to  obey  the  same  laws  whi ch  regulate  the  planetary  movements.  There 
is  nothing  calculated  to  give  a  gi*eater  idea  of  the  scale  on  which  the  siderial 
heavens  are  constructed  than  these  beautiful  systems.  When  we  see  such 
magnificent  bodies  united  in  pairs,  undoubtedly  by  the  same  bond  of 
mutual  gra\itation  which  holds  together  our  own  system,  and  sweeping 
over  their  enormous  orbits  in  periods  comprehending  many,  centuries,  we 
admit  at  once  that  they  must  be  accomplishing  ends  in  creation  which 
will  remain  for  ever  unknown  to  man  ;  and  that  we  have  here  attained 
a  point  in  Science  where  the  human  intellect  is  compelled  to  acknowledge 
its  weakness,  and  to  feel  that  no  conception  the  wildest  imagination  can 
form,  will  bear  the  least  comparison  with  the  intrinsic  greatness  of  the 
subject." 

England  was  not  the  only  spot  from  which  he  made  his  observations. 
He  found  it  desirable  to  carry  on  his  investigations  at  the  Cape  of  Good 
Hope,  and  for  this  far  off  scene  of  inquiry  he  embarked  with  his  family 
at  Portsmouth,  13  Nov.,  1838.  The  course  he  prescribed  to  himself  seems 
to  have  been  to  restrict  his  labors  almost,  if  not  entirely,  to  Stellar  As- 
tronomy. Still  he  did  not  omit  to  make  many  careful  observations  of  the 
Nebulas  of  Orion,  of  the  Milky  Way  and  of  other  heavenly  phenomena  ; 
making  accurate  drawings,  which  he  subsequently  published. 

In  May,  1837,  an  extraordinary  spot  appeared  on  the  sun's  disc,  the 
marvel  of  which  was  much  increased  when  Sir  John  published  his  calcu- 
lation that  the  crater  of  this  supposed  volcano  was  sufficiently  large  to 
allow  the  globe  of  the  earth  to  pass  in  leaving  all  around  a  margin  of 
1000  miles. 

On  his  return  to  England,  in  1838,  after,  as  he  states,  enjoying  much 
happiness,  together  with  the  pleasures  of  good  society,  his  grateful  coun- 
try bestowed  upon  him  the  dignity  of  a  Baronetcy. 

At  this  time.  Photography  beginning  to  attract  much  public  attention. 
Sir  John  turned  his  thoughts  to  this  beautiful  art,  directing  his  inquiries 
chiefly  to  that  point  so  important  to  Photographers,  the  chemical  action 
of  solar  rays. 

Of  the  value  attached  to  Sir  John's  scientific  attainments  we  have 
abundant  evidence  in  the  instances  in  which  he  was  called  upon  to  occupy 
the  place  of  advisor  and  councilor.  As  member  of  the  Board  of  Visitors 
of  the  **  Royal  Observatory,"  when  he  was  appointed  to  receive  the  annual 
report  of  its  working  and  efficiency,  a  member  of  the  **  Standard  Commis- 
sion" on  the  question  of  the  introduction  of  the  "Metric  System  of 
Weights  and  Measures  ;"  for  many  years  as  one  of  the  leading  members 
of  the  Council  of  the  Royal  Society. 

On  the  retirement  of  Davies  Gilbert,  this  venerable  Society  of  savans 
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nearly  succeeded  in  compromising  its  title,  by  almost  electing  the  ple- 
beian pliilosopher  to  the  dignity  of  President,  in  preference  to  the  Royal 
patron  of  science  and  literature,  the  Duke  of  Sussex.  So  keen  was  the 
contest  that  the  subject  of  our  memoir  lost  it  only  by  8  votes  in  a  meet- 
ting  of  240  members.  He  was  President  of  the  Astronomical  Society 
three  times.  In  1845,  he  presided  at  the  British  Association  for  the  Ad- 
vancement of  Science  at  Cambridge.  Many  learned  European  societies, 
beside  those  of  his  own  country,  rejoiced  to  inscribe  his  name  on  their 
rolls  ;  but  to  none  of  them  will  our  American  Philosophical  Society  yield 
in  its  admiration,  of  this  great  citizen  of  the  Repubhc  of  Literature  and 
Science,  as  evinced  by  the  bestowal  upon  him  of  their  diploma  of  member- 
ship. In  1842,  he  was  elected  Lord  Rector  of  Marischal  College,  Aber- 
deen. 

The  last  of  his  public  official  positions,  previously  to  his  retirement  into 
the  quietude  of  a  country  life  at  CoUingwood,  in  Kent,  was  that  of  Master 
of  the  Mint,  to  which  he  was  appointed  December  16,  1850,  and  which  he 
retained  until  Professor  Graham^s  appointment,  April  27,  1855.  In 
this  office  Sir  John  was  a  worthy  successor  of  the  great  Sir  Isaac  Newton, 
who  filled  that  office  in  the  reign  of  William  III. 

In  subsequent  times,  the  Mastership  acquired  a  political  character  and 
was  conferred  generally  on  members  of  the  Cabinet,  which  continued 
until  what  is  known  familiarly  amongst  Mint  employes,  the  Revolution 
of  '51,  by  which  the  old  system  of  charters,  indentures  and  contracts  for 
the  meltings  and  coinages,  being  considered  antiquated,  it  was  desired 
by  the  higher  powers  to  abolish.  Naturally,  this  move  caused  much 
alarm  and  dissatisfaction  ;  the  distastefulness  of  which  was,  however, 
greatly  modified  by  the  gentle  and. considerate  manner  in  which  Sir  John 
exercised  the  authority  entrusted  to  him. 

The  labor  and  anxiety  inseparable  from  a  reconstruction  of  so  import- 
ant an  establishment,  much  impaired  the  health  of  the  subject  of  this 
memoir.  Still  his  mental  vigor  did  not  succumb  to  bodily  infirmity,  as 
daily  he  was  at  his  post  about  11  o'clock,  rarely  leaving  till  5  or  6  p.  m., 
when  he  might  be  seen  walking  out  with  his  portfolio  under  his  arm,  filled 
with  papers  to  consider  and  revise,  as  an  evening  amusement. 

Among  the  many  alterations  made  by  Sir  John,  he  framed  and  calcu- 
lated tables  for  standarding  the  various  qualities  of  gold  and  silver,  which 
superseded  those  said  to  have  been  Sir  Isaac  Newton's. 

He  sanctioned  the  abandonment  of  **  Trial  Plates  "  (designated  by  Sir 
John  **  Fiducial  Pieces  ")  which  had  been  prepared  from  time  to  time 
and  used  for  centuries,  and  presumed  to  be  mathematically  of  the  due 
proportions  of  the  pure  noble  metal,  but  not  really  so.  In  lieu  of  this 
practice  Sir  John  directed  the  Queen's  Assay  Master  to  use  his  best  en- 
deavors to  obviate  the  evil,  so  that  no  officer  of  a  foreign  mint  should  be 
able  to  question  the  conventional  purity  of  our  British  coin  as  being  other 
than  for  gold  916.6,  and  for  silver  925. 

In  giving  effect  to  the  Master's  wishes,  the  Queen's  Assay  Master 
worked  out  the  important  correction  by  preparing  and  introducing  chem^ 
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ically  pure  gold  and  silver,  in  place  of  the  standard  trial  plates.  The 
following  extract  from  Sir  John*8  correspondence  may  be  appropriately 
introduced  here. 

"  The  almost  mathematical  coincidence  of  the  result  of  the  Pyx  (about 
30  millions)  with  the  legal  standard,  is  the  best  proof  which  can  be  ad- 
duced of  the  admirable  system  of  working  the  assays.'* 

As  illustrative  of  the  unfailing  kindness  of  this  great  man  towards 
friends,  as  well  as  towards  those,  who  had  had  the  happiness  to  serve 
under  him,  the  writer  may  be  pardoned  for  introducing  some  of  his  last 
utterances  contained  in  a  letter,  penned  only  five  weeks  before  his  depart- 
ure to  those  realms  of  Light  and  Truth,  amidst  the  wonders  of  which, 
while  in  the  flesh,  he  loved  to  live. 

*'  I  am  suffering  under  an  attack  of  Bronchitis,  which  has  lasted  me  all 
the  winter,  so  excessively  severe  that  I  can  hardly  hold  the  pen,  which 
must  excuse  the  brevity  of  this,  and  being  now  in  my  80th  year,  I  can 
hope  for  no  relief.  I  shall  retain,  however,  to  the  last,  a  pleasing  recol- 
lection of  aid  and  support  I  received  from  you  during  the  period  of  my 
administration  of  the  Mint,  and  I  know  you  will  believe  me  ever,  my 
dear  sir,  yours,  most  truly, 

To  H.  W.  P.  (Sighed)    J.  F.  W.  HERSCHEL. 

In  his  domestic  circle,  he  could  unbend  to  the  capacity  of  the  young, 
in  whose  amusements  he  joined  with  spirit,  and  considering  his  advanced 
years,  with  wonderful  energy.  It  may  be  instanced  that,  only  a  few  years 
back,  the  great  astronomer  condescended  to  enter  cordially  into  the 
children's  Christmas  gambols,  and  played  in  the  most  animated  manner 
the  part  of  Sir  George  with  the  Dragon ;  habiting  himself  in  a  coat  of 
mail,  extemporized  from  various  culinary  articles.  His  impromptu  dia- 
logue with  his  son  as  **the  Dragon,"  was  said  by  the  elders  to  be  ab- 
surdly clever.  "The  Herschels  do  everything  well "  was  a  common  way 
of  speaking  of  the  philosopher  and  his  family  ;  so  here  the  Dragon  was 
so  life-like,  though  made  only  of  brown  paper  with  a  scarlet  cloth  tongue, 
and  the  knight  looked  so  doughty,  that  the  tableau  nearly  sent  one  of  the 
children  into  convulsions. 

Sir  John  F.  W.  Herschel,  Bart,  K.  H.,  D.  C.  L.,  &c.,  was  bom  at 
Slough,  near  Windsor,  7  March,  1792.  He  married,  in  1829,  Margaret 
Brodie,  daughter  to  the  Rev.  Dr.  Alexander  Stewart,  by  whom  he  had  a 
family  of  three  sons  and  nine  daughters.  One  is  married  to  General,  the 
Hon.  Alexander  Gordon,  uncle  of  the  present  Lord  Aberdeen,  and  now 
heir  presumptive  to  that  title.  His  youngest  son  is  an  officer  in  the  Royal 
Bengal  Engineers.  He  is  succeeded  in  the  title  by  his  son  Mr.  William 
James  Herschel,  of  the  Bengal  Civil  Service,  who  was  bom  in  1833  and 
married  in  1864,  Anne  Emma  Haldane  Hardcastle,  daughter  of  the  late 
Mr.  Alfred  Hardcastle,  of  Hatcham,  Surrey. 

Sir  John  died  at  his  seat,  CoUingwood,  Hawkliurst,  Kent,  on  Thurs- 
day, the  11th  May,  1871,  at  10  o'clock  a.  m.,  being  in  his  80th  year.  He 
was  buried  in  Westminster  Abbey,  on  Tuesday,  the  19th  May.    His  re* 


Digitized  by 


Google 


1871.  J 


223 


tField 


mains  were  followed  by  the  Presidents  and  many  members  of  the  various 
learned  societies  of  England,  also  by  the  chief  men  of  science  in  London. 

The  well-known  Dean  Stanley  officiated  on  the  mournful  occasion,  and 
on  the  following  Sunday  delivered  in  the  Abbey  one  of  his  beautiful  char- 
acteristic sermons,  which  may  be  found  in  extenso^  in  the  July  number  of 
"Good  Words,"  p.  453  (a  work  to  which  he  occasionally  contributed 
some  popular  papers  on  the  wonders  of  the  Universe).  The  Dean  took 
his  text  from  tlie  14th  and  15th  verses  of  the  1st  chapter  of  Genesis. 

"And  God  said  let  there  be  lights  in  the  firmament  of  the  Heaven  to 
divide  the  day  from  the  night;  and  let  them  be  for  signs  and  for  seasons 
and  for  days  and  years ;  and  let  them  be  for  lights  in  the  firmament  of 
the  heaven  to  give  light  upon  the  earth;  and  it  was  so.'* 

Glancing  at  the  private  sentiments  of  Sir  John,  in  these  days,  when  there 
appears  to  be  an  increasing  antagonism  between  science  and  revelation, 
it  is  refreshing  to  remember  how  frequently  in  his  writings,  and  in  con- 
versation with  some  of  his  friends,  strong  indications  are  observable,  that 
the  lofty  mind  of  him  who  was  a  master  in  the  science  of  the  starry 
heavens  could  penetrate  into  higher  regions  still,  and  forget  the  proud 
achievements  of  intellect  and  science,  in  the  humility  of  the  adoring 
Christian;  a  humility  which  also  manifested  itself  towards  man  in  count- 
less acts  of  generous  sympathy  and  consideration.  Of  him  truly  it  may 
be  said  in  the  language  of  a  poetical  tribute  to  his  memory,  which  has 
recently  appeared  in  a  periodical  of  the  day  ("Good  Words  '*). 

'•Science  and  learning  led  his  mind,  in  reverent  awe  above ; 
To  him  the  voices  of  the  stars  proclaim'd  their  Maker*s  love.*' 

In  the  above  sketch  of  the  scientific,  official  and  personal  character  of 
the  departed,  it  will  be  sufficiently  apparent  that  with  numberless  other  as- 
sociations of  the  learned  and  scientific,  in  the  decease  of  Sir  John  Herschel, 
our  Society  has  to  deplore  the  loss  of  a  member  whose  name  adorned  the 
catalogue. 


Mr.  Dubois  offered  the  following  paper  upon  a  quasi  Coin, 
of  Copper,  affirmed  to  have  been  found  at  a  great  depth,  in 
Illinois. 

The  annual  reports  of  the  Treasurer  and  Publication  Com- 
mittee were  read  and  referred. 

Pending  nominations  679  to  682,  and  new  nomination  683 
were  read ;  and  the  meeting  was  adjourned. 
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Ok  a  QCAsr  Coin  reported  found  in  a  boring  in  Illinois. 

Heati  bfifcra  ths  American  Philosophical  Society.  Dec.  1,  1871, 

By  Wm.  E.  Dubois. 

In  July  last|  ^  letter  was  received  at  the  Smithsonian  Institute,  from 
Mr.  Ja<^ob  W,  >Ioffit,  of  Chillicothe,  Peoria  county,  Illinois,  enclosing  the 
photograph  of  a  medal  or  coin,  with  the  following  particulars  in  relation 
to  it  ! 

*'lii  Au^Tist  I970j  I  took  a  contract  of  sinking  a  tubular  well  for  Mr. 
Peter  Cline^  in  this  county.  I  had  two  men  employed  to  assist  in  the 
labor,  who  art^  cognizant  of  all  the  facts  connected  with  the  finding  of  the 
coin. 

**The  following  are  the  several  strata  through  which  we  passed.  We 
used  a  common  ^jround  auger,  three  inch  bore  : 

**9oil,  3  feot,  YuUow  clay,  10  ;  blue  c!ay,  44  ;  clay,  sand,  and  gravel  4  ; 
purple  clay,  W  ;  brown  **hard  pan,"  10  ;  green  clay,  8J  ;  vegetable  mould, 
2  ;  yellow  day,  2|  ;  yellow  hard  pan,  2  ;  mixed  clay,  20 J. 

'*IIere  we  brought  up  the  coiriyOn  the  auger,  from  a  depth  of  one  hundred 
aud  twenty- five  feet. 

**lt  luMj  hceti  examined  by  gentlemen  in  Chicago  and  St.  Louis,  without 
any  re*uU  in  explaining  the  mystery  of  its  origin  or  date.  It  is  my  desire 
that  a  further  investigation  be  made.  I  can,  if  necessary,  send  affidavits 
of  raytielf  and  olht^r  parties  as  to  the  truth  of  these  statements." 

[Signed]  Jacob  W.  Moffit. 

li  may  here  be  added,  that  the  place  is  in  a  great  prairie,  near  the 
centre  of  the  State,  and  near  the  Illinois  river  ;  about  80  miles  east  of  the 
Mis&isbtppi  river, 

Professor  Henry  having  repeatedly  referred  rare  coins  to  me,  took  the 
same  coui^e  on  tliis  occasion,  giving  leave  to  communicate  the  facts  to 
this*  ftoeiety,  if  it  was  thought  proper. 

An  examination  of  the  piece  itself  was  necessary  ;  and  in  reply  to  my 
re^iuest  the  owner  forwarded  the  same,  with  further  detjiils,  to  wit : 

**  In  answer  to  yonr  questions  I  must  say,  that  very  few  wells  or  shafts 
in  this  region  have  attained  a  depth  of  more  than  50  or  75  feet,  except  in 
the  valleys,  where  occasionally  we  find  a  well,  through  sand  and  gravel 
diift,  at  the  depth  of  100  feet. 

*'The  only  token  of  civilization  discovered  at  a  similar  depth,  in  this 
Statej  wiii  taken  fitim  a  shaft  in  Whiteside  county,  about  20  years  ago. 
The  workmen  at  the  depth  of  120  feet  discovered  a  large  copper  ring  or 
ferrule,  similar  to  those  used  on  ship  spars  at  the  present  time.  They  also 
found  aomething  fashioned  like  a  boat-hook. 

* '  There  are  numerous  instances  of  relics  found  at  lesser  depths.  A  spear- 
shaped  halchct,  ma^le  of  iron,  was  found  imbedded  in  clay  at  40  feet ; 
and  stone  pipes  and  pottery  have  been  unearthed  at  depth  varying  from 
10  to  50  feet  in  many  localities. 

^'No  rational  estimate  has  ever  been  made  of  the  rate  of  annual  earthy 
deposit.     Uur  prairie  land  seems  to  have  been  built  up  by  a  deposit  from 
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waters  whose  current  set  in  from  the  N.  W.,  changing  its  course  only 
when  in  contact  with  some  (then)  eminence  now  far  below  the  surface. 
The  soil  is  seldom  over  three  feet  in  thickness,  usually  underlaid  by  a  yel- 
low hard-pan  of  two  to  three  feet.  Wood  is  quite  common  at  all  depths 
at  which  wells  have  been  sunk  in  blue  clay. 

"  Nothing  has  been  found  in  any  of  the  Western  mounds  (as  far  as  I 
am  informed)  bearing  any  resemblance  in  form  or  character  to  this  coin. 

"On  taking  the  coin  from  the  auger,  I  washed  the  clay  from  it  with 
water.  It  then  presented  no  appearance  of  corrosion,  bearing  a  dull  i*ed 
hue,  such  as  is  common  to  old  copper.  However,  after  a  few  minutes, 
exposure  to  the  air,  it  began  to  blacken,  and  in  a  short  time  was  en- 
crusted with  a  dark  green,  gummy  coat,  which  I  allowed  to  harden,  and 
then  removed  by  friction." 

Thus  far  from  Mr.  Mo4fit.  I  learn  from  another  source,  that  Chillicothe 
is  built  upon  an  alluvium  of  the  Illinois  liver,  very  sandy,  loose,  and  easily 
washed  away.  The  river  thereabouts  is  widened  into  a  lake,  about  one 
mile  and  a  quarter  wide,  and  twelve  miles  long.  The  French  pioneers 
went  through  that  region,  about  the  close  of  the  seventeenth  century. 
Whether  the  ground  on  which  Chillicothe  stands,  has  been  made  by  the 
river,  to  the  depth  of  125  feet,  since  the  entrance  of  the  whites,  is  a  point 
on  which  the  residents  there,  with  or  without  geological  instruction,  can- 
not venture  an  opinion. 

As  to  the  facts  as  above  stated,  there  is  every  reason  to  rely  upon  their 
accuracy.  I  have  to  add  some  remarks  on  the  physical  and  artistical 
traits  of  the  coin  itself. 

Properly  speaking,  it  is  not  a  coin  or  medal,  since  the  marks  upon  it 
have  not  been  produced  by  striking,  but  by  engraving  or  etching ;  and 
they  are  sunken,  or  intaglio.  It  is  of  copper  in  good  condition,  in  shape 
polygonal  approaching  to  circular,  about  one  '  and  an  eighth  inch  in 
diameter  ;  somewhat  pitted  by  corrosions,  and  with  very  rude  figures  and 
inscriptions  ou  both  sides.  The  central  image  on  one  side  is  that  of  a 
man,  or  a  child  ;  on  the  other  are  two  animals,  one  of  them  like  a  wild 
cat,  with  conspicuous  ears.  The  legends  are  plain  enough,  to  any  one 
who  can  read  them ;  but  being  somewhere  between  Arabic  and  Phono- 
graphic, without  being  either,  they  are  sufficiently  puzzling.  Happily 
we  have  members  whose  knowledge  of  paleography  may  throw  some 
light.     For  myself,  I  have  seen  nothing  like  it. 

As  to  the  other  artistic  characters, the  metal  proves,  by  a  delicate  gauge, 
to  be  very  uniform  in  thickness  ;  more  so  than  could  be  attained  by  the 
beating  out  of  a  hammer  in  savage  hands.  I  therefore  feel  sure  it  has 
passed  through  a  rolling-mill ;  and  if  the  ancient  Indians  had  such  a  con- 
trivance, it  must  have  been  pre-historic. 

There  are  other  tokens  of  the  machine  shop.  Any  one  can  see  that  the 
piece  has  been  shaped,  not  with  much  symmetry,  with  shears  or  chisel ; 
and  the  sharp  edge  taken  down  with  a  file.  Coins  or  medals  were  not 
thus  finished  in  ancient  times,  but  they  were  in  the  middle  ages,  and  in 
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Spanish  America  down  to  about  150  years  past.     (Tapping  the  edge  with 
a  hammer,  was  also  in  use). 

If  the  figures  and  characters  were  made  with  a  tool,  it  must  have  been 
a  very  rude  one,  since  a  **  flat-nosed  "  graver  would  have  left  a  smooth 
trough,  while  here  it  is  rough  and  granular.  This  would  suggest  the 
greater  likelihood  of  etching,  were  it  not  inconceivable  that  so  advanced 
an  art  should  have  been  practiced  long  ago  on  the  Western  prairies.  The 
mineral  acids,  used  for  such  work,  were  nowhere  known  until  about  the 
fourteenth  century  ;  and  in  Illinois,  while  we  might  suppose  agua  ardienie, 
we  cannot  concede  aqua  fortis,  longer  ago  than  one  century.  On  the 
whole,  it  has  been  worked  out  with  a  very  crude  instrument. 

As  to  the  condition  of  the  piece,  and  the  discolorations;  it  is  well  known 
that  copper,  exposed  to  the  air,  acquires  a  superficial  sub-oxide  or  dioxide, 
which  protects  it  from  further  destruction.  Very  many  ancient  copper 
coins  have  been  turned  up  by  the  spade  or  plough,  which  with  a  little 
cleaning  up,  look  as  if  just  out  of  the  mint.  I  herewith  show  a  specimen 
of  Tetricus,  a  Roman  usurper  of  the  purple,  in  France,  about  A.  D.  270; 
entirely  free  from  corrosion.  I  also  show  a  more  interesting  piece,  which 
with  many  others,  was  ploughed  up  in  the  southern  part  of  England, 
about  30  years  ago.  They  were  all  so  encrusted  as  to  be  illegible,  and 
the  owner  gave  nie  a  choice  at  haphazard.  On  removing  the  coat  of  mail, 
and  leaving  only  the  mixture  of  brown  and  black  oxides,  it  turned  out  to 
be  a  coin  of  Carausius,  who  established  himself  as  a  Roman  Emperor  in 
Britain,  A.  D.,  287;  as  long  before  William  the  Conqueror,  as  William 
was  before  Victoria.  This  piece  is  rare  and  in  perfect  order,  and  forms  a 
part  of  the  Mint  collection. 

{Some  ancient  coins,  especially  those  with  a  slight  alloy  of  tin  or  cala- 
mine, making  them  bronze  or  brass,  are  beautifully  coated  and  protected 
with  the  green  carbonate,  the  same  as  that  which  formed  on  the  Illinois 
piece  before  cleaning.  I  herewith  show  one  of  these  patinated  pieces,  a 
coin  of  Augustus,  also  from  the  Mint  Cabinet.  They  may  have  been  in 
favorable  hiding-places,  such  as  cinerary  urns,  or  columbaria. 

All  things  considered,  I  cannot  regard  this  Illinois  piece  as  ancient,  nor 
4tld,  (observing  the  usual  distinction);  nor  yet  recent;  because  the  ** tooth 
of  time"  is  plainly  visible. 

What  the  piece  was  made  for,  is  a  part  of  the  inquiry.  Not  for  current 
money,  because  it  would  take  a  long  time  to  make  a  handful ;  more  likely 
a  work  of  amusement,  possibly  to  exercise  the  antiquarians.  But  how 
it  got  into  such  a  deep  place,  supposing  it  a  bona  fide  discovery  which  I 
cannot  call  in  question,  is  a  very  perplexing  point,  and  I  gladly  hand  over 
the  explanation  to  any  one  willing  to  undertake  it.  Certainly  it  seems, 
in  connection  with  the  finding  of  the  copper  ring,  and  other  articles  of 
iron  and  wood,  at  considerable  depths,  to  form  an  item  in  the  study  of 
the  formation  of  the  superficial  strata  in  that  interesting  section  of  our 
country. 

Since  the  foregoing  was  written,  I  am  favored  with  the  suggestions  (in 
writing)  of  Professor  Lesley.  He  suspects  that  if  anything,  it  is  an 
astrological  amulet.    There  are  upon  it  the  signs  of  Pisces  and  Leo.     The 
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figures,  on  the  obverse  and  reverse  faces  correspond  in  the  attitude  of  the 
left  arm  raised  and  flourishing  a  whip,  or  thunderbolt.  He  reads  the  date 
1572,  and  says  that  no  geologist  can  accept  the  statement  that  a  piece 
of  that  age  could  be  lying  naturally  at  a  depth  of  125  feet,  under  an 
Illinois  prairie.  The  piece  was  placed  there  as  a  practical  joke,  though 
not  by  the  present  owner;  and  is  a  modern  fabrication;  perhaps  of  the 
sixteenth  century;  possibly  of  Hispano- American,  or  French- American 
origin.  It  may  have  some  connection  with  the  journeys  of  the  early 
French  priests  or  their  voyageurs. 

I  would  only  add,  that  those  views  are  forcible,  but  yet  they  take 
imposture  for  granted,  and  in  so  doing,  leave  us  in  this  dilemma ;  that  a 
curious  piece  was  made  many  years  ago,  and  held  for  the  purpose  of  trick, 
until  a  deep  hole  should  be  made,  long  afterwards,  in  which  to  bury  it, 
and  complete  the  deception.  It  is  also  very  hard  to  believe,  that  an 
intelligent  and  experienced  operator  in  this  line  would  allow  himself  to  be 
sported  with  by  workmen,  and  take  so  much  pains,  far  and  near,  to 
ascertain  what  kind  of  article  he  had  found. 

Mr.  Lesley  explained : 

He  considered  the  integrity,  experience  and  vigilance  of  the  well  sinker 
no  guarantee  against  the  surreptitious  insertion  of  the  coin.  It  is  impos- 
sible to  prevent  a  practical  joke  of  that  sort  when  the  jester  is  resolved  to 
have  it  so.  Experience  furnishes  a  thousand  proofs  of  this  in  our  exten- 
sive oil  regions,  where  all  kinds  of  rubbish  have  been  brought  to  the  sur- 
face from  considerable  depths  ;  nails,  anthracite  coal,  California  nuggets, 
**  butter  of  antimony,"  Lake  Superior  Red  hematite  iron  ore,  «fcc. 

It  looks  as  if  there  is  a  good  deal  of  this  sort  of  thing  going  on  in  the 
west.  The  copper-ring  and  boat-hook  **  taken  from  a  shaft  at  Whitside; 
at  a  depth  of  120  feet,"  **the  iron  spear-shaped  hatchet  embedded  in  clay 
at  40  feet"  mentioned  in  the  paper,  are  subjects  for  the  same  incredulity. 
The  only  possible  explanation,  excluding  an  imputation  of  fraud,  in  the 
latter  case,  would  presuppose  the  recent  filling  up  of  a  hole  in  the  river 
bed  with  clay,  through  which  a  piece  of  iron  might  slowly  settle  down. 

The  discovery  of  a  circular  stone  fire-place,  with  embers,  by  Mr. 
Latrobe's  party  of  engineers  in  a  gravel  cut  for  the  road  bed  of  the  Balti- 
more and  Ohio  R.  R.,  many  years  ago,  at  a  depth  of  50  or  60  feet  beneath 
the  surface,  is  a  circumstance  belonging  to  quite  a  different  category. 

In  the  present  case  we  have  an  evident  imitation  of  Mediterranean  coins. 
But  the  central  figures  are  unmistakably  Red  Indian  in  their  character. 
It  is  either  unique  of  its  kind,  or  one  of  a  very  small  class.  The  proba- 
bilities against  a  borehole  striking  such  an  object  are  simply  infinity  to 
one.  The  improbabilities  of  the  coin  being  at  or  near  the  surface,  and 
being  worked  out  from  the  wall  of  the  hole  by  the  friction  of  the  rods,  is 
equally  great.  There  is  too  much  method  in  the  arrangement  of  the 
elements  of  the  legend  to  doubt  that  the  maker  had  a  definite  idea  to 
express.  A  compound  oval  symbol  occupies  the  right  edge  on  each  face, 
and  may  have  a  phallic  significance.     But  the  two  human  figures  on  one 
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face  seem  rather  to  be  in  conflict  than  in  conjunction.     The  head  dress 
may  represent  hair,  or  may  represent  the  Indian  warrior's  feather  crest. 

Professor  Trego  remarked  that  he  had  seen  the  once  famous  grave 
mound  relic  and  the  man  "who  discovered"  and  possessed  it,  and  believed 
it  to  be  fraudulent.     He  had  no  faith  in  such  discoveries  in  the  west. 


i 
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Stated  Meeling^  December  15,  1871. 

Present,  twelve  members. 
Dr.  Wood,  President,  in  the  chair. 

liCtters  of  acknowledgment  were  received  from  the  Anthro- 
pological Institute  of  G.  B.  and  Ireland,  Nov.  24,  1871,  (83, 
84,  85,  86,  and  Trans.,  Part  1,  1870).  The  N.  V.  d.  P.  R.  u. 
W.  at  Bonn,  Feb.  5.  1871  (82,  83).  The  N.  Ges.  Emden., 
Sept.  21,  1871  (84,  85);  and  the  Linnean  Society  at  Bordeaux, 
July  12,  1870  (78,  79). 

Letters  of  envoy  were  received  from  the  Societies  at  Bor- 
deaux and  Emden,  Sept.  22,  1871 ;  the  Geographical  Society 
at  Vienna,  Sept.  3,  1871 ;  the  American  Legation  at  the 
Hague,  Nov.  28,  1871;  and  the  U.  S.  Naval  Observatory, 
Dec.  5,  1871. 

The  death  of  Count  Agenor  Etienne  de  Gasparin,  in  June 
last,  was  announced  by  the  Secretary. 

Professor  Cope  communicated  his  views  on  the  Method  of 
Creation  of  Organic  Forms,  with  illustrations  on  the  black- 
board. 

Professor  Cope  added  a  Catalogue  of  Pythonomorpha  found 
in  the  Cretaceous  strata  of  Kansas. 

Pending  nominations  679  to  683,  and  new  nominations  684 
to  688  were  read. 
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On  motion  of  Mr.  Price,  the  following  resolution  was  adopted: 

Resolved,  That  the  Treasurer  be  authorized  to  pay  to  the  Treasurer  of 
the  Fair  mount  Park  Commissioners,  three  hundred  dollars  C$300)  of  the 
interest  or  rent  lately  received  on  the  Michaux  Legacy,  to  be  applied  to- 
wards the  Michaux  Grove  and  Michaux  Nursery  of  Oaks  in  the  Park, 
agreeably  to  the  resolution  of  March  18th,  1870  (see  page  312,  Vol.  XI., 
Proceedings  A.  P.  S.) 

And  the  meeting  was  then  adjourned. 


THE  METHOD  OF  CREATION  OF  ORGANIC  FORMS. 
By  Ed.  D.  Cope. 

(Read  before  the  American  Philosophical  Society,  December  15th,  1871.) 


Chapter  I. — On  the  Law  op  Acceleration  and  Retardation. 
Nature  of  law  of  Natural  selection.  Two  kinds  of  evidence.  Illus- 
tration.    Examples  from  cervidae,  helicidae,  insects  and  men. 

Chapter  II. — The  Law  of  Repetitive  Addition.  Segment  and  cell 
repetition.  Illustration  from  limbs  and  vertebral  column.  A,  On  seg- 
ment addition;  detinitions.  On  repetition  in  bilateral  and  anteroposterior 
symmetry;  in  structure  of  compound  teeth;  in  segments  of  articulata; 
limbs  of  Reptilia;  brain  of  lamprey.  B,  On  cell  repetition;  simple  seg- 
ment a  repetition  of  cells;  simple  diverticulum  the  same.  The  cell 
theory;  the  nucleated  cell.  C,  Synthesis  of  repetition.  From  unicell- 
ular to  multicellular  animals;  simple  repetition  to  compound  repe- 
tition; Actinia,  Lepidosiren,  Ichthyosaurus,  Plesiosaurus,  Tcenia;  the 
h^art;  mammalian  teeth.  1),  On  growth  force;  relation  to  other 
forces;  definition.  E,  Direction  of  repetition,  its  location,  centrifugal 
and  longitudinal;  movements  longitudinal.  Inheritance;  its  relation 
to  growth  force. 

Chapter  III. — The  Law  op  Use  and  Effort.  Points  to  be  investi- 
gated. A,  On  the  location  of  growth  force.  Relation  of  effort  to  use. 
Rudimental  characters.  Examples  of  growth  under  influence  of  phys- 
ical laws;  Examx^les  of  colors  under  influence  of  light.  Use  and  disuse 
of  gills.  Rattlesnake;  horned  animals.  Teeth  of  ruminants.  B,  Change 
in  amount  of  growth  force.  Local  increase  of  growth  force.  Convo- 
luted structures;  brain,  teeth,  cotyledons.  Absolute  loss  of  growth 
force.     Teeth  and  toes  of  Ruminants;  incisors  of  Rodents. 

Chapter  IV. — On  Grade  Influence.  A,  On  the  nature  of  Grade 
influence  or  Bathmism.  Definitions.  In  plants;  in  animals.  Increase 
in  time  of  Bathmism  and  growtji  force.  Vital  forces  and  vital  influences. 
Thought  force.  Origin  of  Bathmism  in  time.  B,  Physiological  origin 
of  Bathmism.  Function  of  nervous  system  in  force  conversion.  Au- 
tomatic and  habitual  movements.  Effect  on  nervous  system.  C,  The 
transmission  of  grade  influence.    Secretion  in  general.    Spermatozooids. 

Chapter  V. — Intelligent  Selection.  Development  of  intelligence. 
Stimuli  to  use.  Compulsion,  Choice;  Bees,  Food,  Rattlesnake;  Change 
of  color;  Mimetic  analogy.  Examples.     Development  of  character. 
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In  the  present  state  of  biological  science,  essays  like  the  present  can 
only  be  tentative  in  so  far  as  they  treat  of  the  laws  of  evolution.  Never- 
theless the  present  time  is  preeminently  one  of  generalization  in  this 
field,  and  properly  so.  Facts  have  been  accumulating  for  a  long  period, 
and  are  now  sufficiently  numerous  to  yield  important  results,  under  proper 
classification  and  induction.  Darwin  led  the  way  in  this  work,  and 
the  development  hypothesis  is  regarded  as  demonstrated  by  most  biolo- 
gists. The  discussion  of  the  laws  of  its  progress  involves  a  multitude  of 
subordinate  hypotheses.  In  the  following  essay,  these  are  arranged 
under  five  prominent  headp,  viz:  1,  The  law  of  Acceleration  and  Retarda- 
tion; 2.  The  law  of  Repetitive  Addition;  3.  The  law  of  Use  and  Effort; 
4.  The  law  of  Grade  Influence;  5.  The  law  of  Intelligent  Selection.  Of 
these,  the  first  and  second  are  regarded  by  the  author  as  demonstrated, 
the  third  and  fourth  as  only  reduced  to  a  partial  demonstration,  while 
the  fifth  is  a  consequence  of  the  third,  and  stands  or  falls  with  it. 

The  discussion  of  this  subject  divides  itself  into  two  parts,  viz:  a  con- 
sideration of  the  proof  that  evolution  of  organic  types  or  descent  with 
modification  has  taken  place;  and  secondly,  the  investigation  of  the  laws 
in  accordance  with  which  this  development  has  progressed.  As  the  latter 
involves  the  use  of  the  evidence  included  in  the  former,  I  will  not  de- 
vote a  special  chapter  to  the  proof  for  evolution. 

The  influences  and  forces  which  have  operated  to  produce  the  type 
structures  of  the  animal  kingdom  have  been  plainly  of  two  kinds;  I. 
Originative,  2.  Directive.  The  prime  importance  of  the  former  is  obvi- 
ous; that  the  latter  is  only  secondary  in  the  order  of  time  or  succession, 
is  evident  from  the  fact  that  it  controls  the  preservation  or  destruction  of 
the  results  or  creations  of  the  first,  and  thus  furnishes  the  bases  of  the 
exhibitions  of  the  originative  forces  in  the  production  of  the  successive 
generations  of  living  beings. 

Wallace  and  Darwin  have  propounded  as  the  cause  of  modifica- 
tion in  descent  their  law  of  natural  selection.  This  law  has  been  ep- 
itomized by  Spencer  as  the  **  survival  of  the  fittest."  This  neat  ex- 
pression no  doubt  covers  the  case,  but  it  leaves  the  origin  of  the  fittest  en- 
tirely untouched.  Darwin  assumes  a  **  tendency  to  variation  "  in  nature, 
and  it  is  plainly  necessary  to  do  this,  in  order  that  materials  for  the  exer- 
cise of  a  selection  should  exist.  Darwin  and  Wallace^s  law  is,  then,  only 
restrictive,  directive,  conservative,  or  destructive  of  something  already 
created.  I  propose  then  to  seek  for  the  originative  laws  by  which  these 
subjects  are  furnished— in  other  words,  for  the  causes  of  the  origin  of  the 
fittest. 

It  has  seemed  to  the  author  so  elear  from  the  first  as  to  require  no  dem- 
onstration, that  Natural  Selection  includes  no  actively  progressive  principle 
whatever;  that  it  must  first  wait  for  the  development  of  variation,  and 
then  after  securing  the  survival  of  the  best,  wait  again  for  the  best  to  pro- 
ject its  own  variations  for  selection.  In  the  question  as  to  whether  the 
latter  are  any  better  or  worse  than  the  characters  of  the  parent,  natural 
selection  in  no  wise  concerns  itself. 
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I.    ON  THE  LAW  OF  ACCELERATION  AND  RETARDATION. 

There  are  two  modes  of  demonstration  of  evolution,  both  depending  on 
direct  observation.  One  of  these  has  been  successfully  presented  by 
Darwin.  He  has  observed  the  origin  of  varieties  in  animals  and  plants, 
either  in  the  domesticated  or  wild  states,  and  has  shown,  what  had  been 
known  to  many,  the  lack  of  distinction  in  the  grades  of  difference  which 
separate  varieties  and  species.  But  he  has  also  pointed  out  that  species 
(such,  so  far,  as  distinctness  goes)  have  been  derived  from  other  species 
among  domesticated  animals,  and  he  infers  by  induction  that  other  spe- 
cies, whose  origin  has  not  been  observed,  have  also  descended  from  com- 
mon parents.  So  far,  I  believe  his  induction  to  be  justified ;  but  when 
from  this  basis  evolution  of  divisions  defined  by  important  structural 
characters,  as  genera,  orders,  classes,  etc.,  is  inferred,  I  believe  that  w© 
do  not  know  enough  of  the  uniformity  of  nature's  processes  in  the  prem- 
ises to  enable  us  to  regard  this  kind  of  proof  as  conclusive, 

I  therefore  appeal  to  another  mode  of  proving  it,  and  one  which  covers 
the  case  of  all  the  more  really  structural  features  of  animals  and  plants. 

It  is  well  known  that  in  both  kingdoms,  in  a  general  way,  the  young 
stages  of  the  more  perfect  types  are  represented  or  imitated  with  more  or 
less  exactitude  by  the  adults  of  inferior  ones.  But  a  true  identity  of  these 
adults  with  the  various  stages  of  the  higher  has,  comparatively,  rarely 
been  observed.     Let  such  a  case  be  supposed. 

In  A*  we  have  four  species  whose  growth  attains  a  given  point,  a  certain 
number  of  stages  having  been  passed  prior  to  its  termination  or  maturity. 
In  B  we  have  another  series  of  four  (the  number  a  matter  of  no  import- 
ance), which,  during  the  period  of  growth,  cannot  be  distinguished  by 
any  common,  i.  e.,  generic  character,  from  the  individuals  of  group  A^ 
but  whose  growth  has  only  attained  to  a  point  short  of  that  reached  by 
those  of  group  A  at  maturity.  Here  we  have  a  parallelism,  but  no  true 
evidence  of  descent.  But  if  we  now  find  a  set  of  individuals  belonging  to 
one  species,  or  still  better,  the  individuals  of  a  single  brood,  and  therefore 
held  to  have  had  a  common  origin  or  parentage,  which  present  diflferencea 
among  themselves  of  the  character  in  question,  we  have  gained  a  point. 
We  know  in  this  case  that  the  individuals,  a,  have  attained  to  the  com- 
pleteness of  character  presented  by  group  A,  while  others,  &,  of  the  same 
parentage  have  only  attained  to  the  structure  of  those  of  group  B.  It  is 
IHjrfectly  obvious  that  the  individuals  of  the  first  part  of  the  family  have 
grown  further,  and,  therefore,  in  one  sense  faster,  than  those  of  group  b. 
If  the  parents  were  like  the  individuals  of  the  more  completely  grown, 
then  the  offspring  which  did  not  attain  that  completeness  may  be  said  to 
have  been  retarded  in  their  development.  If,  on  the  other  hand,  the 
parents  were  like  those  less  fully  grown,  then  the  offspring  which  have 
added  something,  have  been  accelerated  in  their  development. 

I  claim  that  a  consideration  of  the  uniformity  of  nature's  processes,  or 
inductive  reasoning,  requires  me  (however  it  may  affect  the  minds  of 
others)  to  believe  that  the  groups  of  species,  whose  individuals  I  have 

•A  cut  explaining  this  proportion  will  be  found  at  the  end  of  the  essay. 
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never  found  to  vary,  but  which  differ  in  the  same  point  as  those  in  which 
I  have  observed  the  above  variations,  are  also  derived  from  common  par- 
ents, and  the  more  advanced  have  been  accelerated  or  the  less  advanced 
retarded,  as  the  case  may  have  been  with  regard  to  the  parents. 

This  is  not  an  imaginary  case,  but  a  true  representation  of  many  which 
have  come  under  observation.  The  developmental  resemblances  men- 
tioned are  universal  in  the  animal,  and  probably  in  the  vegetable  king- 
doms, approaching  the  exactitude  above  depicted  in  proportion  to  the 
near  structural  similarity  of  the  species  considered. 

Example  1 .  It  is  well  known  that  the  Cervidce  of  the  Old  World  develop 
a  basal  snag  of  the  antler,  (see  Cuvier,  Ossemens  Fossiles,  and  Gray,  Cat. 
British  Museum, )  at  the  third  year;  a  majority  of  those  of  the  New 
World  (genera  Subulo,  Cariacus)  never  develop  it  except  in  abnormal 
cases  in  the  most  vigorous  maturity  of  the  most  northern  Cariacus  ( G. 
mrginianv8)f  while  the  South  American  Subulo  retains  to  adult  age  the 
simple  horn  or  spike  of  the  second  year  of  all  Cervidce. 

Among  the  higher  Cervidce,  Rusa  and  Axis  never  assume  characters 
beyond  an  equivalent  of  the  fourth  year  of  Cervus.  In  Dama  the  char- 
acters are,  on  the  other  hand,  assumed  more  rapidly  than  in  Cervus,  its 
third  year  corresponding  to  the  fourth  of  the  latter,  and  the  development 
in  after  years  of  a  broad  plate  of  bone,  with  points  being  substituted  for 
the  addition  of  the  corresponding  snags,  thus  commencing  another  series 
which  terminates  in  the  great  fossil  elk,  Megacerus. 

Returning  to  the  American  deer  we  have  Blastocerus,  whose  antlers 
are  identical  with  the  fourth  year  of  Cariacus.  Corresponding  with  the 
Dama-Megacerus  type  of  the  Old  World  we  have  the  moose  (Alces)  de- 
veloping the  same  palmate  horn  on  the  basis  of  Cariacus  (i,  «.,  without 
eye-snag. ) 

Example  2. — I  select  the  following  series,  embracing  the  majority  of 
the  genera  of  the  North  American  Helicidae.* 

1.  Turns  of  spire  very  few;  wide  umbilicus;  shell  thin,  with  thin 
lips Binneya, 

2.  Turns  few,  but  more  ;  rest  as  above Vitrina, 

3.  Turns  still  more  numerous  ;  rest  as  above Ilyalina, 

4.  As  No.  3,  but  lip  thickened  inside Hpgromia. 

5.  Coiled ;  umbilicus    close  d  ;  lip  thickened  inside  and  out, 

Tachea  and  Pomatia. 

6.  Same,  with  a  parietal  tooth Mesodon. 

7.  Same,  with  parietal  and  two  interior  lip  teeth Isognomostoma, 

*    *    Recommencing  at  No.  4.    All  with  open  mnbilicus, 

5.  As  No.  4,  but  lip  thickened  in  and  out Arionta, 

6.  Same  as  No.  5,  but  with  parietal  tooth Polymita. 

7.  Same,  with  both  parietal  and  lip  teeth Triodopsti^ 

*  See  Tryou,  Terrestrial  Mollusca  of  the  UDited  States.  Probably  other  (e.  g.  dental) 
characters  distinguish  some  of  these  genera,  but  the  above  furnishes  the  history  of  one 
set  of  characters. 
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The  successional  \*elation  of  these  genera  may  be  represented  in  such  a 
diagram  as  this : 

Umbilicus  open.  Umbilicus  closed. 

7  *  * 

6  »  * 

5*  ♦  » 

4  * 

.3  * 

2  * 

1  » 

In  the  history  of  the  growth  of  the  genera  Isognomostoma  and  Trio- 
dopsis,  the  extreme  forms  of  the  two  series,  it  is  well  known  that  at  first 
the  coils  of  the  shell  are  extremely  few,  as  in  Binneya ;  and  that  like  it, 
it  is  very  thin  and  with  a  delicately  thin  edge  ;  that  the  turns  increase 
successively  in  number,  as  in  Yitrina  and  Hyalina,  and  that  finally  the 
lip  thickens  as  in  Hygromia.  Then  the  umbilicus  may  close  as  in  Tachea, 
or  (in  Triodopsis)  remain  open  as  in  Arionta.  In  either  case  a  tooth  is  soon 
added  on  the  body  whorl  (Polymita,  Mesodon),  and  finally,  the  full  ma- 
turity of  the  shell  is  seen  in  the  added  teeth  of  the  inside  of  the  lip  margin. 
How  many  of  the  stages  of  the  genera  Triodopsis  and  Mesodon  are  identi- 
cal with  the  genera  of  the  series  which  represent  them,  I  leave  to  more 
thorough  conchologists,  but  that  some  now  exhibit  and  all  have  once 
presented  illustrations  of  the  relation  of  exact  parallelism,  I  cannot  doubt. 

Example  1. — An  abundant  race  of  the  American  deer,  Cariacus  virgi- 
nianus,  exists  in  the  Adirondack  region  of  New  York,  in  which  the  de- 
velopment of  the  antlers  never  progresses  beyond  the  spike  stage  of  the 
second  year.  Therefore,  some  individuals  of  this  species  belong  to  Cari- 
acus and  some  to  Subulo. 

Example  2. — A  large  part  of  the  individuals  of  the  common  snail,  Meso- 
don albolabris,  never  develop  the  tooth  of  the  body-whorl,  characteristic 
of  the  genus  whose  definition  has  to  be  modified  to  retain  them. 

Example  3. — Many  individuals  of  Triodopsis  tridentata  from  eastern 
North  Carolina  occur  without  the  lip-teeth,  characteristic  of  the  genus 
Triodopsis,  Hence  these  specimens,  though  of  common  origin  with  others 
of  the  species,  must  be  referred  to  another  genus. 

Example  4. — Structural  characters  are  known  in  many,  if  not  all,  species 
which  are  said  to  be  "inconstant,"  being  present  or  absent  indiflferently, 
thus  being  useless  for  definition.  They  may  be  rudimental  when  present 
or  considerably  developed.  The  presence  or  absence  of  wings  in  some 
species  of  insects  may  be  cited;  also  the  presence  of  generic  characters 
in  the  male  sex  of  many  Coleoptera  and  their  absence  in  the  females. 
The  characters  of  males,  females,  workers  and  soldiers  in  bees  and  ants 
may  be  added.  All  these  facts  belong  to  the  same  category  as  those  cited 
among  deer  and  mollusks  and  have  a  similar  explanation. 

Example  5. — It  does  not  seem  to  be  the  law  in  **  retardation  *'  that  par- 
allelisms exhibited  by  the  series  in  its  rise  to  its  highest  point  of  develop- 
ment should  retrace  the  steps  by  which  it  attained  it,  and^that  "  exact 
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parallelisms  *'  should  be  exhibited  in  a  reversed  order.  Parallelisms,  it  is 
true,  ai-e  exhibited;  but  so  far  as  I  have  observed  always  "inexact,'^ 
often  in  a  high  degree.  A  marked  case  of  retardation  occurs  in  the  den- 
tal development  of  a  number  of  persons  who  have  come  under  my  obser- 
vation in  the  neighborhood  of  Philadelphia.  It  is  not  very  uncommon  to 
find  persons  in  whom  the  third  molars  in  both  jaws  are  incomplete  as  to 
number,  one,  two,  three,  or  all,  being  deficient.  It  is  still  more  common 
for  them  to  be  incompletely  covered  by  the  enamel  layer,  and  to  become 
in  consequence  so  worthless  as  to  require  early  removal.  I  am  acquainted 
with  two  families  in  which  the  absence  of  the  exterior  upper  incisor  on 
each  side  is  common.  In  one  of  these  the  second  and  third  generation 
have  inherited  it  from  the  mother's  side,  and  it  now  characterizes  many 
of  the  children.  The  significance  of  this  modification  will  be  best  under- 
stood by  examining  the  dental  structures  of  the  Quadrumana  in  general. 
Commencing  with  the  highest  family  and  its  abnormal  dentition,  we 
have: — 

Incisors.    Canines.    Premolars.    Molars- 
rr      •    •  J     .  •    (  Abnormal.  A  }  i^  i-% 

-^''""»»*^'..  I  Normal.  |  \  %  f' 

JSiiniidcB i  \  'i  § 

Cebidce , I  \  J  | 

Lemuridip f^  \  i|-^  } 

Mammalia,  Normal :|  \  \  |   ^ 

In  this  table  we  see  a  decline  in  the  number  of  teeth  of  the  higher 
groups.  Thus,  the  premolars  are  one  less  than  the  normal  number  in  the 
whole  order,  and  they  lose  one  in  each  jaw  in  the  Old  World  apes,  and 
man.  The  molars  maintain  the  nonnal  number  throughout,  but  the  third 
in  both  jaws  is  in  the  Simiidm  reduced  by  the  loss  of  a  fifth  or  odd  tuber- 
cle, thus  becoming  four-lobed.  In  the  upper  jaw,  this  is  first  lost  in 
the  Semnopithecus;  in  the  lower,  in  the  next  highest  genus  Cercopithecus. 
In  Homo  its  appearance  is  "retarded,"  the  interval  between  that  event 
and  the  protrusion  of  the  second  molar — six  to  ten  years — being  relatively 
greater  than  in  any  genus  of  Quadrumana.  Its  absence  is  then  the  re- 
sult of  continued  retardation,  not  of  a  new  and  adaptive  suppression,  and 
is  of  direct  systematic  zoological  value. 

In  the  incisors  a  reduction  is  also  plainly  visible,  as  we  pass  from  the 
most  completely  furnished  mammals  to  the  genus  Homo.  One  from  the 
upper  jaw  is  first  lost,  then  in  the  Gehidm,  one  from  the  lower  also.  The 
number  remains  the  same  through  the  SimiidcB  and  normal  ffominidos^ 
but  in  the  abnormal  cases  cited,  the  process  of  reduction  is  continued  and 
another  incisor  from  each  side  disappears.  That  this  also  is  truly  "re- 
tardation ''  is  also  evident  from  the  fact,  that  the  exterior  incisor  is  the 
last  developed,  being  delayed  in  ordinary  growth  a  year  later  than  those 
of  the  inner  pair.  The  same  retardation  is  seen  in  the  quadrumane  Cheir- 
omys  (the  Aye-aye),  and  the  whole  order  Rodentia,  In  the  latter,  the 
rare  presence  of  the  reduced  second  incisors,  as  in  Lepus,  shows  a  less  de* 
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jree  of  this  modification.  This  retardation  is  also  of  systematic  importance, 
md,  should  either  of  the  characters  described  be  constant  in  any  of  the 
species  of  the  genus  Homo,  would  at  once  entitle  it  to  new  generic  rank, 
rhe  very  frequent  absence  of  the  posterior  molars  (wisdom  teeth)  has 
been  recently  found  to  characterize  a  race  in  India.  Should  this  peculi- 
irity  prove  constant,  this  race  would  with  propriety  be  referred  to  as  a 
lew  genus  of  Hominidce,  as  we  have  many  cases  of  very  similar  species 
jeing  refxjrred  to  different  genera.  It  is  altogether  probable  that  such 
^ill,  at  some  future  time  be  the  condition  of  some  race  or  races  of  men.* 
I  am  now  disposed  to  regard  the  above  as  the  method  >of  production, 
lot  only  of  generic  but  of  all  other,  including  specific  characters.  It 
¥Ould  appear  that  by  excessive  acceleration  or  retardation,  some  of  the 
characters  of  a  series  may  be  skipped,  but  observations  are  not  conclusive 
)n  this  point,  since  very  close  examination  is  necessary  for  the  apprecia- 
ion  of  very  transitory  embryonic  conditions. 

II.      ON   THE   LAW   OP   REPETITIVE   ADDITION. 

The  origin  of  new  structures  which  distinguish  one  generation  from 
hose  which  have  preceded  it,  I  have  stated  to  take  place  under  the  law  of 
icceleration.  As  growth  (creation)  of  parts  usually  ceases  with  maturity, 
t  is  entirely  plain  that  the  process  of  acceleration  is  limited  to  the  period 
)f  infancy  and  youth  in  all  animals.  It  is  also  plain  that  the  question  of 
p-owth  is  one  of  nutrition,  or  of  the  construction  of  organs  and  tissues 
)ut  of  protoplasm. 

The  construction  of  the  animal  types  may  be  referred  to  two  kinds  of 
ncrease — the  addition  of  identical  segments  and  the  addition  of  identical 
sells.  The  first  is  probably  to  be  referred  to  the  last,  but  the  laws  which 
jive  rise  to  it  cannot  now  be  explained.  Certain  it  is  that  segmentation 
s  not  only  produced  by  addition  of  identical  parts,  but  also  by  subdivision 
)f  a  homogeneous  part.  In  reducing  the  vertebrate  or  most  complex  ani- 
nal  to  its  simplest  expression,  we  find  that  all  its  specialized  parts  are 
)ut  modifications  of  the  segment,  either  simply  or  as  sub-segments  of 
;ompound  but  identical  segments.  Gegenbaur  has  pointed  out  that  the 
nost  complex  limb  with  hand  or  foot,  is  construe  ted,  first,  of  a  single 
ongitudiual  series  of  identical  segments,  from  each  of  which  a  similar 
legment  diverges,  the  whole  forming  parallel  series,  not  only  in  the  ob- 
ique  transverse,  but  generally  in  the  longitudinal  sense.  Thus,  the  limb 
>f  the  Lepidosiren  represents  the  simple  type,  that  of  the  Ichthyosaurus  a 
nodification.  In  the  latter,  the  first  segment  only  (femur  or  humerus)  is 
ipecialized,  the  other  pieces  being  undistinguishable.  In  the  Plesiosaur- 
an  paddle  the  separate  parts  are  distinguished;  the  ulna  and  radius  well 
narked,  the  carpal  pieces  hexagonal,  the  phalanges  defined,  etc. 

As  regards  the  whole  skeleton  the  same  position  may  be  safely  as- 
sumed.    Though  Huxley  may  reject  Owen's  theory  of  the  vetebrate  char- 

«The  preceding  section  is  merely  <aii  abbreviation  with  new  illustratione,  of  the  pro 
K)sition9  broiijjht  forward  in  the  writers  "Origin  of  Genera,"  1868,  wbere  a  considera- 
)Ie  extension  of  the  subject  will  he  found. 
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acter  of  the  segments  of  the  brain  case,  because  they  are  so  very  different 
from  the  segments  in  other  parts  of  the  column,  the  question  rests  en- 
tirely on  the  definition  of  a  vertebra.  If  a  vertebra  be  a  segment  of  the 
skeleton,  of  course  the  brain  case  is  composed  of  vertebrae;  if  not,  then  the 
cranium  may  be  said  to  be  formed  of  "sclerotomes,"  or  some  other  name 
may  be  used.  Certain  it  is,  however,  that  the  parts  of  the  segments  of 
the  cranium  may  be  now  more  or  less  completely  parallelised  or  homolo- 
gised  with  each  other,  and  that  as  we  descend  the  scale  of  vertebrated 
animals,  the  resemblance  of  these  segments  to  vertebrae  increases,  and  the 
constituent  segments  of  each  become  moi*e  similar.  In  the  types  Amphi- 
oxus,  etc.,  where  the  greatest  resemblance  is  seen,  segmentation  of  either 
is  incomplete,  for  they  retain  the  original  cartilaginous  basis.  Other  ani- 
mals which  present  cavities  or  parts  of  a  solid  support  are  still  more 
easily  reduced  to  a  simple  basis  of  segments,  arranged  either  longitudin- 
ally (worm)  or  centrifugally  (star-fish,  etc. ) 

DEFINITIONS. 

a  The  succession  of  construction  of  parts  of  a  complex,  was  originally 
a  succession  of  identical  repetitions;  and  grade  influence  merely  deter- 
mined the  number  and  location  of  such  repetitions. 

^  Acceleration  signifies  addition  to  the  number  of  those  repetitions 
during  the  period  preceding  maturity,  as  compared  with  the  preceding 
generation,  and  retardation  signifies  a  reduction  of  the  numbers  of  such 
repetitions  during  the  same  time. 

Y  The  successive  additions  now  characterizing  the  growth  of  the 
highest  animals  are  not  exact  repetitions  of  segments  at  this  time,  be- 
cause of  influences  brought  to  bear  on  cell  nutrition  during  long  periods. 
The  nature  of  these  influences  is  made  the  subject  of  another  section. 

In  the  endeavor  to  prove  these  positions,  I  will  produce  evidence,  first, 
that  some  simpler  animals  grow  according  to  the  principle  of  modified 
repetitive  addition,  and  that  traces  of  it  are  to  be  observed  in  the  most 
complex  ;  second,  that  every  addition  to  structure  which  has  resulted  iu 
the  complexity  of  the  higher  animals,  was  originally  a  repetition  of  a  pre- 
existent  structui-e. 

Detailed  explanations  of  the  law  of  repetitive  addition  are  attempted 
in  the  following  pages,  under  two  heads,  segment  repetition,  and  cell  re- 
petition. 

A.  On  Segment  Repetition. 

This  is  everywhere  seen  in  the  construction  of  animals  and  plants 
Double  bilateral  symmetry  may  serve  as  one  example  of  repetition  in 
growth. 

a  Bilateral  symmetry.  Anatomists  have  little  difficulty  in  determin- 
ing the  bilateral  symmetry  in  most  animals ;  that  is,  the  homologies  of 
the  parts  on  opposite  sides  of  the  median  line.  It  might  be  almost  as- 
serted that  it  was  a  necessity  of  organization,  but  when  we  observe  the 
growth  of  many  plants,  we  are  undeceived.  And  though  bilateral  symmetry 
in  the  Coelenterata  and  many  Articulata  is  perfect,  yet  in  higher  animals  it 
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is  more  or  less  departed  from.  In  the  Vertebrata  the  Amphioxus  is 
almost  completely  bilaterally  symmetrical.  In  the  fishes,  the  digestive 
system  is  the  only  one  which  does  not  conform  to  it ;  while  in  the  birds 
the  reproductive  system  is  atrophied  on  one  side.  In  the  serpents  the 
respiratory  and  part  of  the  circulatory  are  similarly  modified;  and  in  the 
mammalia  the  digestive  and  circulatory  systems  have  both  become  un- 
symmetrical ;  and  the  cranium  even  in  the  cetacea. 

If  evolution  be  true,  the  unsymmetrical  forms  have  descended  from  the 
symmetncal,  and  the  asymmetry  being  thus  not  inherited,  is  the  result 
of  laws  which  have  interfered  with  the  original  tendency  to  bilateral 
repetition. 

Many  cases  of  bilaterally  symmetrical  diseases  have  been  enumer- 
ated by  physiologists,  and  I  will  select  as  an  example  one  which  hascomo 
under  my  observation.  They  were  those  of  two  boys  who  had  had  that 
disease  involving  the  mucodermal  system  called  Varicella,  while  the  crowns 
of  the  successional  incisor  teeth  were  still  enclosed  in  the  mucous  capsules 
of  the  alveolar  walls.  The  deposit  of  phosphate  of  lime  forming  their 
surfaces  was  interrupted  by  the  disease  of  the  tissue,  and  the  result  was 
a  surface  pitted,  or  sculptured  intaglio  fashion.  The  sculpture  of  the 
two  incisors  of  the  right  side  was  precisely  imitated  by  those  of  the 
left  in  reversed  order,  even  in  minute  details,  which  were  numerous,  thus 
producing  a  result  not  displeasing  to  the  eye.  This  has  been  observed  on 
two  distinct  occasions  some  years  apart. 

Another  interesting  example  of  bilaterally  symmetrical  disease,  is  re- 
corded in  a  paper  on  "a  case  of  universal  hyperostosis,  etc.,"  by  Drs. 
Mears,  Keen,  Allen  and  Pepper.  *  They  describe  the  skeleton  of  a  boy 
of  fourteen  which  displayed  an  extraordinarly  exostosed  condition,  the 
bones  themselves  remaining  in  the  condition  known  as  osteoporosis^ 
They  describe  the  uniform  repetition  of  the  abnormal  growths  of  one 
side  on  the  other  in  the  following  language,  (p.  22). 

**  Comparing  the  two  sides  externally,  not  only  is  there  no  diflference 
in  the  extent  and  chai'acter  of  the  disease,  but  there  is  the  most  remark- 
able symmetry  of  the  corresponding  diseased  bones,  which  may  be  traced 
even  into  details.  The  disease  begins  and  ends  on  both  sides  at  corres- 
ponding points,  it  changes  in  character  from  simple  porosity  to  the 
growth  of  osteophytes  at  corresponding  points  ;  if,  on  one  side,  the  pos- 
terior part  of  the  bone  is  most  diseased,  the  same  is  true  of  the  other 
side  ;  if  the  osteophyte  growth  is  continuous  or  interrupted  on  one  bone 
(fibula  fig.  18),  it  is  so  on  the  opposite  one  ;  if  one  is  unusually  diseased 
at  a  tendinous  or  aponeurotic  insertion,  so  is  its  mate  ;  if  a  groove  or  a 
variation  in  color  exist  on  the  one  side,  the  same  will  be  found  on  the 
other  side  ;  even  of  single  marked  spiculae  of  bone  the  same  may  be  said, 
so  that  a  description  of  one  side  will  answer  for  both,  mint^te  diflferences 
being  noted  as  they  occur.'* 

6.  Antero-posterior  symmetry. 

That  this  is  an  absolute  law  of  creation  will  be  less  readily  admitted 

•  See  Proceed.  Amer.  PhJlos.  Soc.  1870,  p.  19. 
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than  in  tho  case  of  double  Uilatei-al  symmetry,  since  the  exceptions  appear 
to  be  tto  utiiveraaU  Nerortbelos!*^  I  believe  it  to  be  as  much  a  part  of  the 
law  of  RejKjlitive  nutiitioii  tis  the  other.  The  antero-posterior  homolo- 
gies even  of  the  human  hkeleton  have  been  largely  demonstrated,  but  as 
usual,  we  must  appeal  to  the  lower  forms  for  a  clear  view  of  it.  In  the 
rudiiueutal  skeletal  axis  we  flnd  such  symmetry  almost  perfect  in  the 
Amphtaj'utj  but  ill  no  other  vertebrate.  In  limbs  we  have  it  clearly  in- 
dicated (u  the  Repliliau  ovdot  hhthyopterygia,  and  in  the  Piscine  order 
Bipnitiy  wht^re  the  a  Ji  tort  or  and  posterior  are  scarcely  or  not  all  distin- 
guiabahle.  In  the  scapular  aud  pelvic  arches  we  find  it  also  approximated 
in  the  tirst- named  orders. 

In  the  nervous  system  it  also  exists  approximately  in  the  Amphioxut. 
It  is  not  soon  iti  any  vertebrate,  aud  in  but  few  other  animals,  in  the  di- 
gestive systeui,  but  it  appears  to  exist  in  some  lower  articulata  in  both 
thf}  raspiratory  aud  circulatory  systems. 

e^  As  illustraUouH  of  exa<;t  rwpptition  involving  large  portions  of  the 
organism  the  higher  P.ilyps  may  be  cited,  which  differ  from  the  lower 
chieliy  by  the  addition  of  similar  septa  and  similar  tentacles.  Examples 
of  refietition  of  nearly  the  whole  oiganism,  may  be  found  in  many  £ntozoa 
as  Ttunki,  wheie  the  i-ephalic  segment  only  diflfers  from  the  others,  the 
reuiainder  or  proglottides  being  alike.  ,The  most  entire  repetition  of 
structure  Is  seen  in  Vibrio^  whei-o  the  segments  are  all  alike,  there  being 
nuue  representing  a  head. 

d .  As  an  example  iu  special  details  of  structure,  the  segments  of  the  low- 
est brain  j  that  of  the  lamprey)  are  repetitions  of  the  first  one.  The 
pelvic  arch  of  Ichfhj/omuritfi  when  first  created,  was  a  repetition  of 
the  scapular,  and  the  hind  limb,  of  the  fore  limb.  The  segments  of 
the  linibs  of  the  IHjuitn  are  mere  repetitions,  the  later  created  of  the 
earlier.  The  special  parts  of  the  pes  and  man  us  of  Ichthyosaurus  are 
simply  repetttLve  oiforts  of  gmwth-force  joined  with  a  diminishing 
amount.  The  addition  of  a  digit  often  distinguishing  one  genus  of  {Sala- 
manders or  Saurians  from  another,  is  evidence  of  a  similar  repetitive 
effort.  The  low  mnujmal  Or ^h7 Aw r/i^/ic/it^*,  possesses  but  a  single  tooth 
iu  each  jaw ;  tLie  siiii]>le  teeth  of  armadillos  and  cetaceans,  increasing  as 
thuy  liavtj  dune  from  a  single  commencement  as  in  the  monotreme  cited, 
present  oxiunplos  of  repetitive  acceleration  of  growth  force. 

*3.  Complication  of  a  single  element  of  repetition  is  accomplished  appar- 
ently by  a  double  repetition.  This  is  best  understood  by  the  consider- 
ation of  the  transition  from  simple  to  complex  teeth.  Iu  the  cetaceans 
this  occurs  in  the  Squalodonts  ;  the  cylindric  incisors  are  followed  by 
flattened  ones,  then  by  othera  grooved  on  the  fang,  and  then  by  two 
rooted,  but  never  double-ciowned  teeth.  This  is  the  result  of  antero- 
poi^terior  repetitive  acceleration  of  the  simple  cylindric  dental  type  of  the 
ordinary  toothed  cetacean. 
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Another  mode  of  dental  complication  is  by  lateral  repetition.  Thus, 
the  heel  of  the  sectorial  tooth  of  a  Carnivore  is  supported  by  a  fang  along- 
side of  the  usual  posterior  support  of  a  premolar,  and  is  the  result  of  a 
repetitive  effort  of  growth  force  in  a  transverse  direction.  More  complex 
teeth,  as  the  tubercular  molars,  merely  exhibit  an  additional  lateral  repe- 
tition, and  sometimes  additional  longitudinal  ones.  As  is  well  known,  the 
four  tubercles  of  the  human  molar  commence  as  similar  separate  knobs 
on  the  dental  papilla. 

The  above  are  cited  as  examples  to  explain  the  meaning  of  the  propo- 
sition. When  fuller  demonstration  is  desired  a  greater  number  might  be 
given. 

B.  On  Cell  Repetition. 

That  each  additional  act  of  creation  in  growth  was  originally  identical 
with  one  which  preceded  it,  and  therefore  an  exact  repetition  in  its  char- 
acter and  results,  is  proven  by  the  following  considerations. 

It  has  been  already  determined  by  the  study  of  homologies  that  all 
organs  and  parts  of  an  organism  can  be  referred  to  an  original  simple 
archetype. 

The  question  then  remains  as  to  whether  the  first  element  or  lowest 
term,  of  a  given  organized  part  is  essentially  a  new  structure,  or  whether 
it  be  a  repetition  of  some  previously  existing  one.  It  may  be  asserted 
that  the  simplest  expressions  which  shall  cover  all  organs,  are  the  solid 
segments  and  the  hollow  sack  and  tube.  For  example,  we  have  already 
noted  that  the  ultimate  element  of  the  limb  is  the  first  segment  of  the  sin- 
gle ray  of  Lepidosiren.  Is  this  short  cartilaginous  cylinder  (which  probably 
represents  the  fore-limb  of  some  undiscovered  member  of  the  Dipnoi),  a 
result  of  the  repetition  of  a  pre-existent  structural  element  ?  This  is  no 
doubt  the  case,  for  as  will  be  shoWn  beyond,  cartilage,  though  the  least  cel- 
lular of  all  the  tissues  is  formed  originally  by  cell-repetition  or  division. 
Again,  the  ultimate  lobules  of  the  most  complex  gland  are  but  repetitions 
of  the  diverticula  of  the  simply  branched,  and  each  of  the  latter  repetitions 
of  the  simple  cul-de-sac,  which  has  its  origin  in  a  convexity  of  an  original- 
ly plane  surface.  This  convexity  is  again  the  result  of  repetition  of  cells 
or  cell-division,  whereby  their  number  is  increased  and  the  surface  ren- 
dered convex. 

We  are  thus  in  both  the  solid  segment,  and  hollow  sack,  brought  down 
to  cell  repetition.  Thus  it  is  with  organs,  as  with  entire  animals,  in  which, 
following  the  line  of  simplification,  we  reach  at  last  forms  composed  of 
cells  only,  (ActiiiopJirys,  e»  g.)  and  then  the  unicellular,  {Amceba), 

If  this  be  the  origin  of  organs,  the  question  whether  repetitive  growth 
has  constructed  tissues,  remains  for  consideration. 

In  growth,  each  segment — and  this  term  includes  the  parts  of  a  com- 
plex whole  or  parts  always  undivided,  (as  the  jaw  of  a  whale  or  the  sac- 
body  of  a  mollusk) — is  constructed,  as  is  well  known,  by  cell  division.  In 
the  growing  foetus  the  first  cell  divides  its  nucleus  and  then  its  whole  out- 
line, and  this  process  repeated  millions  of  times  produces,  according  to 
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the  c«U  thearyi  all  the  tiHHiies  or  the  animal  organism  or  their  bases,  from 
fiiHt  to  last.  That  the  ultimate  or  histological  elements  of  all  organs  are 
produced  originallj  by  repetitive  growth  of  simple  nucleated  cells,  with 
various  mofiiti cations  or  exactitvide  of  repetition  in  the  more  complex,  is 
taught  by  tbo  cell  theoiy.  Tlie  formation  of  some  of  the  tissues  is  as 
fonowa; 

Kir»t  CIt4ifige—Yoxn\^i\mi  of  simple  nucleated  cells  from  homogeneous 
proto|^Iasni  or  the  cytoblfLRtema. 

^i'^<rfl/^(/— For  Illation  of  new  cells  by  division  of  nucleus  and  body  of  the 
old. 

Third — Formati^ia  of  tii*nios  by  multiplication  of  cells  with  or  without 
addition  of  in  tercel  hilar  cytobl.ih  tenia. 

A.  lo  uomieeiive  tiasiie^  by  wliglit  alteration  of  cells  and  addition  of  cyto- 
blaKtema. 

B.  In  UcwkI,  by  atldition  of  Jhiid  cytoblastema  (fibrin)  to  free  cells 
(lyiuph  ftiirpuselefi),  which  in  lu;jfher  animals  (vertebrates)  develop  into 
blood -i'orpuhclea  by  loss  of  membrane,  and  by  cell  development  of  nucleus. 

(L  In  miibcle^H,  by  simple  coniluence  of  cells  end  to  end,  and  mingling 
of  contents  (KoUiker). 

IK  Of  cartilage^  by  fomiation  of  cells  in  cytoblast  which  break  up, 
their  contents  being  added  to  cytoblast;  this  occuring  several  times,  the 
result  heiDg  an  ijxteneiive  cytoblast  with  few  and  small  cells  (Vogt). 
The  proeeSH  ift  her©  an  aitem[*t  sit  development  with  only  partial  success, 
the  result  being-  a  tJHsu©  of  siimll  vitality. 

Even  in  repair-nutrition  recourse  is  had  to  the  nucleated  cell.  For 
Cohnheim  firet  *thowed  that  if  the  cornea  of  a  frog's  eye  be  scarified,  re- 
pair is  immediately  sett  on  foot  by  the  transportation  thither  of  white  or 
lymph  or  nucleated  oorpusclen  fi<jm  the  neighboring  lymph  heart.  This 
he  ascertained  by  introducing  auilinfe  dye  into  the  latter.  Repeated  ex- 
periments have  shown  that  this  is  the  history  in  great  part  of  the  con- 
struction of  new  tiHHue  in  tUti  adult  man. 

Now,  it  ja  well  known  that  tiic  circulating  fluid  of  the  foetus  contains 
for  a  period  only  these  nucleated  cells  as  corpuscles,  and  that  the  lower 
vertebraten  have  a  greater  jiroportion  of  these  corpuscles  than  the  higher, 
whence  probably  the  gieater  facility  for  repair  or  reconstruction  of  lost 
limbs  01'  parts  enjoyed  by  tliem.  The  invertebrates  possess  only  nucleated 
blood  eorpnaelea, 

C.  Synthesis  op  Repetition. 

That  growth  force  is  capable  of  exhibiting  great  complexity  of  move- 
ment with  increase  in  amount,  will  now  be  shown.  That  this  quality 
of  complication  is  one  of  its  distinguishing  features  will  appear  plain. 

The  simpleMt  forms  of  life,  as  stated  by  Haeckel,  are  simply  homogene- 
ous drops  of  protoplasm  ( Profafftf}6ba),  These  only  grow  by  ordinary  ac- 
cretion, and  display  a  form  of  lielf  division  or  reproduction  which  is  the 
simplest  possible ;  {.  <j.,  the  bisection  of  the  mass  by  contraction  at  op- 
posite points. 
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The  next  grade  of  animal  type  is  represented  by  the  nucleated  cell. 
This  is  simple  in  Amoeba,  complex  in  Actinophrys,  etc.  With  such  forms 
as  the  latter,  cell  growth  begins,  and  its  development  is  accomplished  by 
cell  division.  This  is  simple  repetition  of  ultimate  parts.  In  the  growth 
of  all  higher  types,  we  have  nothing  more  than  this,  but  following  a  law 
of  complex  repetition.  Thus  in  the  growth  of  the  parts  of  an  archetypal 
vertebral  column,  or  an  archetypal  limb,  we  have  the  repetition  of  cell 
growth  till  the  first  segment  is  formed,  when  it  ceases  at  that  point,  and 
repeats  the  process  again,  forming  another  segment  like  the  first;  repeti.^ 
tion  within  repetition.  So  with  the  construction  of  muscular  tissue;  first, 
the  nucleated  cell  repeated  in  a  series,  whose  adjacent  walls  disappear, 
and  whose  cell  contents  flow  together,  thus  forming  a  fibrilla;  then  a  rep- 
etition of  the  same  process  forming  a  second  fibrilla;  and  so  on  to  the 
completion  of  thousands  of  them  in  fasciculi. 

Let  us  then  trace  the  series  of  repetitions  and  duplicated  and  still  more 
complex  repetitions,  seen  in  following  up  animal  forms  from  their  arche- 
types. 

In  the  simplest  repetition  of  cell  growth  in  a  longitudinal  direction  we 
have  Vibrio;  in  the  centrifugal,  Actinophrys,  The  former  may  be  repre- 
sented by  a  line  of  simple  dots,  thus  :— Fig.  1. 


7  oaoaoooo^o       ^  ooooocOcacDcD  OCO 
^oooOooJoo        oooOocdQoo  CXJ  O     y/O. 

* 

In  a  complex  repetition  we  rarely  have  the  same  degree  of  complication 
in  each  repeated  part.  We  have  it  centrifugally  almost  x>erfect  in  a  Cce- 
leuterate  (Actinia)  and  linearly  in  some  of  the  lower  Entozoa.  An  arche- 
type of  the  latter  kind  might  be  represented  thus  : — Fig.  2.  In  a  more 
complex  form,  as  of  the  proglottides  of  Tcenia,  thus  : — Fig.  3.  The  same 
might  represent  an  archetypal  vertebrate. 

If  now  we  attempt  to  express  the  complication  of  an  organ  by  modified 
repetition  of  once  identical  parts,  the  history  of  extremities  will  serve  us. 
Thus  the  limb  of  Lenidosiren  which  is  composed  of  identical  segments 
may  be  thus  represented: — Fig.  2.  Each  longitudinal  segment  of  the 
limb  of  Ichthyosaurus  may  be  similarly  represented  with  a  modification, 
in  size  only,  of  the  proximal  or  humerus;  thus  : — Fig.  4.    But  in  Plesio- 
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saurus,  an  important  series  of  changes  of  shape  (but  not  in  complexity) 
appears,  which  may  be  represented  thus : — Fig.  5  ;  the  first  being  hu- 
merus, second  ulna,  third  and  fourth  carpals  (tarsals)  the  last  phalanges, 
which  are  first  specialized  in  this  genus. 

By  far  the  most  usual  modification  is  however  complication  by  dupli- 
cated and  triplicated  and  still  more  highly  multiplied  repetition  in  some 
segments  of  the  archetype,  and  its  omission  in  other  segments.  Thus  in 
in  the  Tanick,  the  cephalic  segments  are  much  modified,  and  the  nature 
of  its  repetitions  might  be  thus  expressed  : — Fig.  6  ;  the  simpler  segments 
representing  the  body  segment,  the  two  complex,  representing  these  of 
the  head.  In  each,  it  will  be  observed,  the  complication  is  represented 
by  loops  of  similar  form,  and  each  loop  of  dots  which  represent  the  cells 
in  the  firat  linear  (fig.  1)  arrangement. 

A  somewhat  similar  figure  might  represent  the  nature  of  the  complica- 
tion in  the  Myriapod.  In  the  insect  the  additional  complications  of  the 
thoracic  segments  would  alter  the  diagram  near  the  middle. 

In  the  vertebrate  cranium,  a  somewhat  similar  diagram  might  be  used, 
except  that  the  modification  of  the  segments  ov  vertebrsd,  as  compared  with 
the  segments  of  the  vertebral  column,  is  not  by  repetition  with  modifica- 
tion of  the  parts  of  each  segment,  but  rather  by  modification  of  the 
forms  of  the  parts  of  the  segments.  The  basi- cranial  segments  thus  com- 
pare with  the  dorsal  vertebrsa  as  the  segments  of  the  limb  of  Plesiosaurui 
do  to  those  of  Ichthyosaurus, 

The  above  considerations  have  reference  to  repetition  of  parts  in  a 
linear  direction.  Centrifugal  repetition  is  seen  in  the  addition  of  cham- 
bers to  the  heart,  by  the  subdivision  in  the  easiest  stages  into  auricle  and 
ventricle^in  the  linear  direction,  considered  in  connection  with  the  earlier 
division  of  each  in  the  transverse  direction,  by  the  growth  of  partitions. 
This  mode  of  repetitive  addition  is  not  readily  represented  by  diagram. 

A  good  example  of  repetitive  addition  in  both  linear  and  transverse 
direction,  may  be  found  in  the  successive  complication  of  tooth  structure 
seen  in  mammaha.  In  the  dolphin,  the  dental  series  may  be  repre- 
sented thus: — Fig.  7;  in  the  squalodon  thus: — Fig.  8;  in  the  cat:— Fig.  9; 
in  the  dog:— Fig.  10 ;  in  man : — Fig.  11 ;  in  some  insectivora : — Fig.  12. 

Thd  circles  represented  here,  are  each  a  simple  cusp. 

In  conclusion,  the  directions  of  Repetitive  growth  may  be  tabulated  as 
follows  :  The  types  to  the  left  represent  the  original ;  to  the  right,  the 
derivative. 


r 


sTm^^^il?rar"M^^^^^^^^^^ 
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D.  On  Gbowth  Fobce. 

From  such  examples  as  tho;^  that  precede,  but  more  especially  from 
the  last,  it  seems  necessary  to  believe  that  there  resides  in  organ- 
ized matter,  and  in  its  most  unmodified  representative,  the  nucleated 
cell,  an  affection  which  displays  itself  in  repetition.  This  phenomenon 
reduced  to  its  lowest  terms,  may  mean  cell- division  only,  but  the  proof 
is  only  clear  in  cases  of  growth  proper.  This  affection  displays  itself  in 
very  slow  or  more  rapid  repetitions, — cell-division  in  growth  occurring 
rapidly,  while  its  recurrences  at  tatting  seasons  in  the  development  of 
horns,  feathers,  etc.,  are  separated  by  long  intervals  of  time.  In  accele- 
ration these  repetitions  occur  with  increased  rapidity,  ».«.,  in  the  adding 
of  more  structures  during  the  same  growth  periods,  while  in  low  types 
its  repetitions  are  few  and  therefore  slow. 

What  is  the  relation  of  cell  division  to  the  forces  of  nature,  and  to 
which  of  them  as  a  cause  is  it  to  be  referred,  if  to  any  ?  The  animal  or- 
ganism transfers  solar  heat  and  the  chemism  of  the  food  (protoplasm) 
to  correlated  amounts  of  heat,  motion,  electricity,  light  (phosphores. 
cence),  and  nerve  force.  But  cell-division  is  an  affection  of  protoplasm 
distinct  from  any  of  these  ;  although  addition  to  homogeneous  lumps  or 
parts  of  protoplasm  (as  in  that  lowest  animal,  ProtamoRba  of  HsBckel, ) 
should  prove  to  be  an  exhibition  of  mere  molecular  force,  or  attraction, 
cell-division  is  certainly  something  distinct.  It  looks  like  an  exhi- 
bition  of  another  force,  which  may  be  called  growth  force.  It  is  corre- 
lated to  the  other  forces,  for  its  exhibitions  cease  unless  the  protoplasm 
exhibiting  it  be  fed. 

Professor  Henry  pointed  out  many  years  ago  that  this  must  be  the  case, 
basing  his  belief  on  the  observed  phenomena  of  growth  in  the  potato,  and 
in  the  Qgg,  The  starch  of  the  potato  weighs  much  more  than  the  young 
shoot  of  cellulose,  etc.,  into  which  it  has  been  converted  by  growth  ac- 
tivity, so  that  a  portion  of  the  substance  of  the  tuber  has  evidently  escaped 
in  some  other  direction.  This  is  shown  to  be  carbonic  acid  gas  and  water, 
derived  from  the  slow  combustion  of  the  starch,  which  in  thus  running  down 
from  the  complex  organic  state,  to  the  more  simple  inorganic  compounds, 
evolves  an  amount  of  force  precisely  equal  in  amount  to  the  chemical 
force  (or  chemism)  requisite  to  bind  together  the  elements  in  the  more 
complex  substance.'''' 

Carpenter  also  states  that  in  his  opinion  the  growth  of  the  Fungi  is 
produced  by  a  force  liberated  by  the  retrograde  metamorphosis  of  their 
food,  which  is  of  an  organic  character,  (t.  «.,  humus).  This  metamor- 
phosis consists,  as  in  the  tuber,  in  the  production  of  carbonic  acid  gas 
and  water,  and  a  force  equivalent  to  the  chemism  which  had  bound  them 
in  the  former  complex  union  .f  But  in  higher  forms  of  vegetable  life  and 
in  growth  that  follows  germination,  the  plant  must  appropriate  carbon 
from  the  carbonic  acid  of  the  atmosphere.     The  decomposition  of  the 

•  Agricultural  Report  of  the  Patent  Office,  1857. 

t  Correlation  of  Physical  and  Vital  Forces,  1861,  (Quarterly  Journal  of  Science.) 
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binary  compound  (which  sets  free  its  oxygen)  liberates  the  chemical  forc< 
which  had  previously  maintained  the  compound,  (or  an  equivalent  force 
which  Henry  regards  as  furnishing  the  growth  force,  which  produces  the 
plant.  Carpenter  derives  but  a  portion  of  the  force  in  this  way,  obtain 
ing  the  greater  part  from  the  heat  of  the  sun.  To  this  source  also  h< 
looks  for  the  growth  force  employed  in  the  construction  of  cold-bloodec 
animals;  while  in  warm-blooded  animals,  the  retrograde  metamorphosii 
or  running  down  of  the  material  (protoplasm)  of  the  food,  furnishes  2 
requisite  amount  of  heat.  Whether  growth  force  be  deriyed  from  tht 
chemism  set  free,  direct,  or  through  the  mediation  of  heat,  by  conver 
sion,  among  higher  animals,  is  a  question  yet  unsolved. 

Growth  force  yie  may  then  regard  as  potential  in  organized  tissue,  anc 
as  energetic  during  growth.  Our  present  knowledge  only  permits  us  t< 
believe  that  other  force  is  only  converted  into  it  under  the  influence  o 
prc-existent  life,  but  of  the  real  cause  of  this  conversion  we  are  as  igao 
rant  as  in  the  case  of  the  physical  forces. 

In  the  animal  organism,  different  tissues  display  different  degrees  o 
**  vitality.'*  The  most  vital  display  cell-organization  and  its  derivative 
forms,  while  the  least  so,  approach  nearer  to  homogeneity.  As  organize! 
tissue  is  the  machine  for  converting  vital  forces,  we  may  believe  thatlesi 
growth  force  is  potential  in  cartilage  than  in  muscle,  for  it  is  formed  by  i 
retrograded  process,  by  which  cells  once  formed  are  mostly  burst,  and  the 
contents  form  the  intercellular,  nearly  structureless  mass  characteristic  o 
this  tissue.  Growth  force  must  be  here  liberated  in  some  other  form 
perhaps  heat,  to  be  again  converted  to  other  use. 

The  higher  vitality  we  may  believe  to  result  from  the  greater  perfectioi 
of  the  more  complex  machine  as  a  force  converter,  as  compared  with  th< 
inefficiency  of  the  more  simple. 

E*  On  the  Direction  op  Repetition. 

It  has  been  already  pointed  out  that  growth  force  exhibits  itself  in  cell  01 
segment  repetition.  The  forms  in  which  it  thus  displays  itself  may  b< 
briefly  considered.  The  approximate  cause  is  treated  of  in  the  nexi 
chapter;  but  enough  may  be  shown  here  to  indicate  that  duplication  anc 
complex  duplication  is  the  law  of  growth  force,  and  that  therefore  thii 
process  must  always  follow  an  increase  in  amount  in  any  given  locality. 

The  size  of  a  part  is  then  dependent  on  the  amount  of  cell-division  oi 
growth  force,  which  has  given'  it  origin,  and  the  number  and  shape  01 
segments  is  due  to  the  same  cause.  The  whole  question,  then,  of  the  ere 
ation  of  animal  and  vegetable  types  is  reduced  to  one  of  the  amount  am 
location  of  growth  force* 

Repetition  is  of  two  kinds,  centrifugal  and  longitudinal.  As  an  exam 
pie  of  the  former,  the  genus  Actinophys  has  been  cited,  where  the  anima 
Is  composed  of  cells  arranged  equidistally  around  a  common  centre.  The 
arrangement  in  this  type  may  be  discoidal  or  globular,  providing  no  defi 
nite  axis  be  discoverable.  As  an  example  of  longitudinal  repetition 
VibriOf  and  numerous  cellular  plants  may  be  cited  where  the  arrangemen 
is  in  a  single  line. 
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In  by  far  the  greater  number  of  animals  these  kinds  of  repetitive  struc- 
ture coexist.  The  longitudinal  is  however  predominant  in  the  Vertehrata, 
Mollusca  and  Articulata,  while  the  centrifugal  is  greatly  developed  in  the 
Calenterata  and  Radiata.  In  none  but  the  simplest  forms,  are  either  of 
these  modes  to  be  found  alone. 

The  centrifugal  repetition  or  addition,  more  nearly  resembles  the  mode 
of  aggregation  of  atoms  in  inorganic  or  crystalline  bodies,  and  hence  may 
be  regarded  as  the  inferior  manifestation.  It  implies  that  growth  force 
in  this  case  conforms  to  a  law  of  polarity  in  exhibiting  itself  at  equal  dis- 
tances from  a  centre, — which  is  allied  to  ordinary  molecular  force,  and  in- 
dependent of  the  localizing  influences  of  which  higher  organisms  seem 
capable.  In  centrifugal  animals,  then,  the  latter  evidently  plays  an  in- 
ferior part.  In  Coelenterates  and  Radiates,  however,  the  body  possesses  a 
short  longitudinal  axis,  in  some  [Asterias)  y^ry  short,  in  others  (Holothu- 
ria)f  more  elongate.  The  amount  of  complication  of  centrifugal  growth 
greatly  exceeds  the  complication  in  a  longitudinal  direction  in  all  of 
these  animals  except  the  Holothurida. 

It  is  now  important  to  observe  that  great  numbers  of  centrifugal  ani- 
mals are  sedentary  or  sessile;  while  the  longitudinal  are  vagrant,  moving 
from  place  to  place.  Many  of  the  centrifugal  animals  which  wander,  do 
not  do  so  in  in  the  direction  of  their  axis,  but  sideways  (Medusoi).  It  is 
also  proper  to  notice  that  not  only  the  movements  of  the  muscles,  but  also 
the  direction  taken  by  the  food  is  in  the  long  axis.  It  is  therefore  to  be  con- 
cluded that  in  longitudinal  animals  growth  force  has  assumed  a  more  truly 
animal  type,  and  that  this  tendency  has  predominated  over  the  polar  or 
molecular  tendency. 

In  most  longitudinal  animals,  however,  certain  lateral  portions,  limbs, 
etc.,  extend  on  each  side  of  the  axis;  and  were  the  space  marked  by  their 
extremities,  and  those  of  the  axis,  filled,  we  would  have  the  outline  of  a 
centrifugal,  animal. 

Before  discussing  the  influences  which  have  increased  and  located 
growth  force,  it  will  be  necessary  to  point  out  the  mode  in  which  these 
influences  must  necessarily  have  eifected  growth.  Acceleration  is  only 
possible  during  the  period  of  growth  in  animals,  and  during  that  time 
most  of  them  are  removed  from  the  influence  of  physical  or  biological 
causes,  either  through  their  hidden  lives  or  incapacity  for  the.  energetic 
performance  of  life  functions.  These  influences  must,  then,  have  opera- 
ted on  the  parents,  and  become  energetic  in  the  growing  foetus  of  the 
next  generation.  However  little  we  may  understand  this  mysterious 
process,  it  is  nevertheless  a  fact.  Says  Murphy,  **  There  is  no  act  which 
may  not  become  habitual,  and  there  is  no  habit  that  may  not  be  inher- 
ited." Materialized,  this  may  be  rendered— there  is  no  act  which  does 
not  direct  growth  force,  and  therefore  there  is  no  determination  of  growth 
force  which  may  not  become  habitual ;  there  is,  then,  no  habitual  deter- 
mination of  growth  force  which  may  not  be  inherited  ;  and,  of  course,  in 
a  growing  foetus  becomes  at  once  energetic  in  the  production  of  new 
s  tructure  in  the  direction  inherited,  which  is  acceleration. 
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But  if  the  forces  converted  into  growth  force  are  derived  from  without 
the  animal  organism,  whence  and  what  the  agency  by  which  the  acceler- 
ation or  retardation  of  the  latter  is  inherited  from  the  parent?  A  few 
suggestions  only  on  this  head  can  be  made  in  the  fourth  section. 

III.   THE  LAW  OP  USB  AND  EFFORT. 

Up  to  this  point  we  have  followed  paths  more  or  less  distinctly  traced 
in  the  field  of  nature.  The  positions  taken  appear  to  me  either  to  have 
been  demonsirated  or  to  have  a  great  balance  of  probability  in  their 
favor.  In  the  closing,  part  of  this  paper  I  shall  indulge  in  more  of  hy- 
pothesis than  heretofore. 

ISince  repetitive  addition  only  produces  identical  results  in  archetypes, 
and  each  effort  produces  results  more  and  more  unlike  its  predecessor  as 
structure  becomes  specialized ;  it  becomes  important  to  examine  into 
the  inlluences  which  have  originally  modified  the  repetitive  efibrts  suc- 
cessively, producing  structures  more  or  less  difierent  in  detail  in  the  sec- 
ond generation  from  those  pf  the  parents,  in  acceleration,  or  the  reverse, 
in  retardation. 

Going  further  back,  the  question  arises,  why  a  simple  exhibition  of 
repetition  {e.  g.^  cell  division)  should  be  converted  into  a  complex  or  du- 
plicated repetition  (e.  g.,  jointed  ray).  This  it  has  already  been  stated,  is 
one  consequence  of  increased  amount  of  the  growth  force. 

We  then  seek  explanation  of  the  main  question,  as  to  what  determines 
the  location  of  this  additional  or  new  growth  force.     (Div.  A.) 

Lastly,  why  the  total  amount  of  this  force  should  change  in  a  given 
individual  or  part  of  an  individual.     (Div.  B.) 

A.    On  the  Location  of  Growth  Force. 

What  are  the  influences  locating  growth  force  ?  The  only  elBcient  ones 
with  which  we  are  acquainted,  are,  first,  physical  and  chemical  causes; 
second,  use;  and  I  would  add  a  third,  viz:  effort.  I  leave  the  first,  as  not 
especially  prominent  in  the  economy  of  type  growth  among  animals,  and 
confine  myself  to  the  two  following.  The  effects  of  use  are  Well  known. 
We  cannot  use  a  muscle  without  increasing  its  bulk;  we  cannot  long  use 
the  teeth  in  mastication  without  inducing  a  renewed  deposit  of  dentine 
within  the  pulp-cavity  to  meet  the  encroachments  of  attrition.  The 
hands  of  the  laborer  are  always  larger  than  those  of  men  of  other  pur- 
suits. Pathology  furnishes  us  with  a  host  of  hypertrophies,  exostoses, 
etc.,  produced  by  excessive  use,  or  necessity  for  increased  means  of  per- 
forming excessive  work.  The  tendency,  then,  induced  by  use  in  the 
parent,  is  to  add  segments  or  cells  to  the  organ  used.  Use  thus  determines 
the  locality  of  new  repetitions  of  parts  already  existing,  and  determines 
an  increase  of  growtli  force  at  the  same  time,  by  the  increase  of  food  al- 
ways accompanying  increase  of  work  done,  in  every  animal. 

But  supposing  there  be  no  part  or  organ  to  use.  Such  must  have  been 
the  condition  of  every  animal  prior  to  the  appearance  of  an  additional 
digit  or  limb  or  other  useful  element.  It  appears  to  me  that  the  cause  of 
the  determination  of  growth  force  is  not  merely  the  irritation  Of  the  pail 


Digitized  by 


Google 


1871.] 


247 


[Cope. 


or  organ  used  by  contact  with  the  objects  of  its  use.  This  would  seem 
to  be  the  remote  cause  of  the  deposit  of  dentine  in  the  used  tootli;  in  the 
thickening  epidermis  of  the  hand  of  the  laborer;  in  the  wandering  of  the 
lymph-cells  to  the  scarified  cornea  of  the  frog  in  Cohnheim's  experiment. 
You  cannot  rub  the  sclerotica  of  the  eye  without  producing  an  expansion 
of  the  capillary  arteries  and  corresponding  increase  in  the  amount  of  nu- 
tritive fluid.  But  the  case  may  be  different  in  the  muscles  and  other 
organs  (as  the  pigment  cells  of  reptiles  and  fishes)  which  are  under  the 
control  of  the  volition  of  the  animal.  Here,  and  in  many  other  instances 
which  might  be  cited,  it  cannot  be  asserted  that  the  nutrition  of  use  is 
not  under  the  direct  control  of  the  will  through  the  mediation  of  nerve 
force.  Therefore  I  am  disposed  to  believe  that  growth  force  may  be, 
through  the  motive  force  of  the  animal,  as  readily  determined  to  a  lo- 
cality where  an  executive  organ  does  not  exist,  as  to  the  first  segment  or 
cell  of  such  an  organ  already  commenced,  and  that  therefore  effort  is,  in 
the  order  of  time,  the  first  factor  in  acceleration. 

Addition  and  subtraction  of  growth  force  in  accordance  with  the  modes 
pointed  out  below,  account  for  the  existence  of  many  characters  which 
are  not  adaptive  in  their  nature. 

Acceleration  under  the  influence  of  effort  accounts  for  the  existence 
of  rudiments  of  organs  in  process  of  development,  while  rudiments  of 
organs  in  process  of  extinction  are  results  of  retardation,  occasioned  by 
absolute  or  complementary  loss  of  growth  force.  Many  other  characters 
will  follow,  at  a  distance,  the  modifications  resulting  from  the  operation 
of  these  laws. 

Examples  op  the  Influence  op  Physical  Causes. 

This  is  nowhere  better  seen  than  in  the  case  of  coloration,  which  re- 
quires the  light  of  the  sun  for  its  production.  The  most  striking  ex- 
amples of  this  are  seen  in  the  colorless  surface  of  animals  inhabiting  the 
recesses  of  caves,  as  the  blind  craw-fish  and  the  Amhlyopm,  etc.  If  evo- 
lution be  true,  these  have  descended  I'rom  more  highly  colored  pro- 
genitors. The  flat  fishes,  also  {Pleuronectidm)  as  is  known,  swim  on  one 
side  in  adult  age,  but  many  of  them  are  batched  symmetrical  fishes,  or 
nearly  so,  one  eye  rotating  from  one  side  to  the  other  by  a  twisting  of  the 
cranial  bones.  It  is  thus  probable  that  they  have  descended  from  sym- 
metrical fishes,  which  were  similarly  colored  on  both  sides.  Now,  the 
lower  side  is  colorless,  the  upper  retaining  often  brilliant  hues.  The  in- 
fluence of  sunlight  is  thus  as  distinctly  discoverable  among  animals  as 
among  plants,  where  it  has  been  generally  accepted  as  a  principal  of  veg- 
etable physiology.* 

Examples  op  the  Eppects  op  Epfort  and  Use. 

a  The  Respiratory  and  Circulatory  System  of  Vertebrates.  It  is  well 
known  that  the  succession  of  classes  of  Vei-tebrates  is  measured  first  by 

•In  this  and  similar  cases,  care  must  be  taken  not  to  misunderstand  the  writer  by  supposing 
him  to  mean  that  In  each  generation  separately  the  peculiar  coloration  is  the  result  of  changed  ex- 
poRure  to  light.  The  evolutionist  will  understand  that  the  effect  of  such  Influence  Increases  with 
succeeding  generations  by  the  addition  to  inherited  character,  of  the  effect  of  immediate  external 
cause. 
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their  adaptation  to  aeration  in  water,  and  then  by  their  successive  de- 
partures from  this  type  in  connection  with  the  faculty  of  breathing  air. 
The  same  succession  of  structure  is  traversed  by  the  embryos  of  the  ver- 
tebrates, the  number  of  stages  passed  being  measured  by  the  final  status 
of  the  adult.  This  transition  takes  place  in  the  Batrachia  later  in  devel- 
opment than  in  any  other  class.  Now,  it  is  well  known  that  the  transi- 
tion or  metamorphosis  may  be  delayed  or  encouraged  by  suppression  of 
use  of  the  branchial  and  encouragement  of  use  of  the  pulmonary  organs 
or  the  reverse. 

The  aquatic  respiration  of  tadpoles  may  be  indefinitely  prolonged  by 
preventing  their  access  to  the  surface,  and  it  is  known  that  in  nature  the 
size  or  age  of  the  larva  at  time  of  metamorphosis  may  vary  much  in  the 
same  species.  If  perennibranchiates  {Siren  e.  g.)  are  deprived  of  their 
branchise,  they  will  aerate  blood  by  the  lungs  exclusively,  and  there  is  no 
reason  to  doubt  that  by  use  of  these,  and  disuse  of  the  branchiae,  aerial 
respiration  might  become  the  habit  of  the  animal.  It  is  also  easy  to  per- 
ceive that  geologic  changes  would  bring  about  a  necessity  for  precisely 
this  change  of  habit.  This  occurred  in  the  i)eriod  of  the  coal  measures, 
where  large  fresh  water  areas  were  desiccated,  and  it  was  precisely  at  this 
period  that  many  air  breathing  Batrachians  originated  and  had  a  great 
development. 

1^  The  rattle  of  the  Rattlesnake, 

Nearly  all  of  the  larger  harmless  snakes  which  live  on  the  ground  have  a 
habit  of  throwing  the  end  of  the  tail  into  violent  vibrations  when  alarmed  or 
excited,  with  the  view  of  alarming  a  supposed  enemy.  Among  Goronelline 
snakes,  Ophibolus  triangulus  possesses  it;  among  the  water  snakes,  Tropi- 
donotui  sipedon.  In  the  typical  Colubrine  group  the  black  snake,  Bascanium 
constrictor  is  an  example;  Pityophis  sayi  also  shakes  the  tail  violently. 
The  copperhead  {Ancistrodon  contortrix)  and  the  moccasin  {A,  piscivorous) 
(fide  Glinther)  have  the  habit  in  a  marked  degree.  Among  the  rattle- 
snakes it  is  a  means  of  both  warning  and  defence,  in  connection  with  the 
rattle  which  they  carry. 

In  the  structure  of  the  end  of  the  tail  of  harmless  snakes,  we  see  a 
trace  of  the  first  button  of  the  rattle  in  a  homy  cap  that  covers  the  ter- 
minal vertebrae. 

In  the  venomous  genera,  it  is  conspicuous  in  Lachesis  especially,  reach- 
ing a  considerable  length  and  having  a  lateral  groove.  In  the  plate- 
headed  rattlesnakes  {Crotalus)  this  corneous  cap  is  inflated  into  a  button 
with  lateral  groove,  and  in  some  of  them  possesses  only  one  or  two  but- 
tons or  joints.  In  the  perfected  rattlesnakes  ( Oaiidisona)  not  only  ai-e  the 
segments  numerous  and  inflated,  but  a  number  of  the  terminal  caudal 
vertebrae  are  greatly  enlarged  vertically,  and  coossified  into  a  mass.*  This 
is  important  from  the  fact  that  the  rattlesnakes  are  the  most  specialized 
of  all  snakes,  standing  at  the  head  of  the  order,  and  as  such,  on  the  prin- 
cipal of  acceleration  present  the  greatest  amount  of  grade  nutrition. 

Now  it  appears  to  me,  that  the  constant  habit  of  violent  vibration  in  a 

*See  good  figures  of  this  structure  In  Zeltschr.  f.  Wlssansch.  Zoologle,  VIII,  Tab.  12. 


Digitized  by 


Google 


1371.]  249  [Cope. 

part,  tends  to  determine  ah  increased  amount  of  nutritive  duid  to  it,  in 
other  words  to  localize  growth  nutrition,  and  when  this  has  attained  com- 
plex repetition  or  grade  nutrition,  to  result  in  new  grade  structure.  (The 
segments  of  the  rattle  heing  nearly  all  alike,  it  is  a  case  of  simple  repeti- 
tion.) This  view  apx)ears  to  be  as  reasonable  as  that  generally  entertained 
with  regard  to  the  cause  of  spavin  in  the  horse's  leg.  Here,  owing  to  ex- 
cessive use,  exostoses  appear  on  the  bones  surrounding  the  tibio-tarsal 
ai*ticulation.  As  to  the  reason  of  the  structure  in  question  not  appearing 
in  forms  lower  in  the  scale  than  the  rattlesnake,  it  is  explained  below, 
if  the  law  of  accumulation  of  grade  nutrition  be  true.  (See  sec.  B.) 
This  is,  that  repetition  (or  acceleration)  is  only  possible  where  the  animal 
has  an  excess  of  growth  force  at  its  disposal,  or  can  abstract  it  from  some 
portion  which  is  unused  or  useless. 

y  On  horns.  The  possession  of  horns  on  the  posterior  part  of  the 
cranium,  as  defenses  against  enemies  is  a  character  found  in  many  dis- 
tinct types  of  animals.  (Herbivora  have  no  (dental)  weapons  and  need 
horns).  It  is  seen  in  the  Batrachia  8tegocephala  in  the  extinct  genus  Gerater* 
peton  ;  among  Anura  it  is  approached  by  Triprion  and  HemipTiractus, 
Among  Heptilia  it  is  well  marked  in  PUrynosoma^  a  Lacertiliau  genus.  In 
JfamTTiafethe  ArtiodactylaRuminantia  are  the  homed  animals  of  the  order. 
We  have  opportunities  of  observing  the  habits  of  these  representatives 
of  the  Frogs,  the  Lizards  and  the  Mammals. 

In  the  first  case,  any  one  who  has  kept  ordinary  toads  and  tree  toads 
in  confinement,  is  aware  that  when  attacked  and  unable  to  escape,  they 
defend  themselves  by  presenting  the  top  of  the  head  forwards  and  using 
it  as  a  shield.  Now  I  have  already  pointed  out*  that  in  both  toads,  tree 
toads,  and  frogs,  there  are  natural  series  of  genera,  measured  by  the  de- 
gree of  ossification  of  the  superior  cranial  walls,  the  longest  being  that  of 
the  H^lidsB,  which  embraces  six  terms,  viz  :  ffylella,  Hylay  Scytopis,  Osteo- 
cephalus,  Trachycephalus  and  Triprion,  The  two  last  have  the  head 
thoroughly  shielded,  and  Triprion  has  projectiug  angles  which  appear  in 
some  South  American  forms  lately  described  by  M.  Espada,  to  be  devel- 
oped into  short  horns.  That  this  excessive  ossification  is  associated  with 
the  habit  of  protecting  the  whole  body  with  the  front,  seems  likely. 

In  the  case  of  Phrynosoma  we  know  that  precisely  the  same  habit  is  as- 
sociated with  the  presence  of  the  sharp  horns;  and  that  some  genera 
without  horns  possess  it  also.  Phrynosoma  is  an  exceptionally  sluggish 
genus  in  a  family  of  most  active  forms,  and  must  necessarily  resort  to  this 
mode  of  defence  more  than  they. 

In  the  case  of  Kuminants,  we  also  know  that  defence  is  accomplished 
by  throwing  the  head  down  with  the  horns  thrown  forwards.  But  this 
is  not  confined  to  this  group.  That  generalized  suborder,  the  Artiodactyla 
Or'dinaria,  .represented  by  the  hog,  which  were  no  doubt  the  genetic  pre- 
aecessors  of  the  Ruminants  in  time,  also  throw  the  head  down  in  defence 
in  the  same  way,  having  thus  a  manner  totally  distinct  from  that  seen  in 

'Origin  of  Genera,  1868,  p.  14. 
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the  Camixora,    The  latter  show  their  teeth  and  often  crouch  preparatory 
to  a  leap. 

These  cases  present  so  constant  an  association  between  habit  and  use, 
that  admitting  evolution,  we  are  compelled  to  believe  that  the  structure 
has  given  rise  to  the  habit  or  the  habit  to  the  structure.  In  the  former 
case,  we  have  to  suppose,  with  the  author  of  natural  selection,  that  among 
the  many  spontaneous  variations,  rudimental  horns  occasionally  appeared, 
and  that  their  possessors  being  thus  favored  in  the  struggle  for  existence, 
were  preserved  and  multiplied;  while  those  not  favored,  dwindled  and 
were  ultimately  nearly  all  extirpated  or  starved.  The  question  of  origin 
is  here  left  to  chance,  and  Alfred  Bennett  has  made  a  mathematical  estimate 
of  the  chances  of  any  particular  profitable  variation  occun-ing  among  the 
great  number  of  possibilities  of  the  case.  This  has  shown  the  chance  to 
be  so  excessively  small  as  to  amount  in  most  cases  to  a  great  improbability. 

If  we  turn  to  the  probabilities  of  such  structure  having  arisen  through 
the  selection  of  that  mode  of  defence  by  the  animal,  we  find  them  greatly 
increased.  The  position  occupied  by  the  horns,  in  all  the  animals  de- 
scribed, is  that  which  is  at  once  brought  into  contact  with  an  enemy  in 
conflict,  and  as  sport  among  animals  is  a  gentle  imitation  of  conflict,  the 
part  would  be  constantly  excited  in  sport  as  well.     With  an  excess  of  i 

growth  nutrition,  our  knowledge  of  the  effects  of  friction  on  the  epider-  ' 

mis,   and  of   excessive  ligamentous  strain  and  inflammation  on    bone  I 

{e,  g»,  spavin  in  horses)  as  well  as  of  abnormal  exostoses  in  general,  would  j 

warrant  us  in  the  belief  that  the  use  of  the  angles  of  the  parts  in  ques- 
tion in  these  animals,  would  result  in  a  normal  exostosis,  of  a  simple 
kind  in  the  frogs,  or  as  horn  cores  in  the  Rumiuantia.     As  to  the  sheath-  ' 

ing  of  the  cores  in  the  BomdcB,  and  nakedness  in  the  Cervido^  it  is  in  I 

curious  relation  to  their  habitat  and  to  their  habits.    The  epidermis  and  | 

derm  would  of  course  share  in  the  effects  of  friction.    In  the  Bovida  , 

which  dwell  in  treeless  plains,  or  feed  on  the  grasses  in  great  part,  the  de-  \ 

velopment  of  these  coverings  of  the  horn  cores  into  a  horny  sheath,  ' 

would  naturally  meet  with  no  interruption.     In  the  case  of  the  deer,  I 

which  mostly  live  in  forests  or  browse  on  trees,  constant  contact  with  the  | 

latter  would  prevent  the  healthy  growth  of  the  dermal  covering,  and  it 
would  be  liable  to  injury  or  constant  excoriation  by  the  animals  them- 
selves on  the  branches  of  trees,  etc.  This  we  know  to  be  the  present 
habit  of  the  deer  as  regards  the  dermal  covering  of  the  horns.  I  have 
elsewhere  pointed  out  the  similar  connection  between  the  dental  structure 
and  habitat  among  the  oxen  and  the  deer.  The  former  eating  the  harder 
grasses,  are  provided  against  the  consequent  rapid  attrition  of  the  tooth, 
by  a  prismatic  form,  which  allows  of  more  prolonged  growth  and  more 
rapid  protrusion.  The  deer,  in  accordance  with  their  foliage-eating 
habits,  do  not  wear  the  crown  of  the  tooth  with  such  rapidity.  Long 
continued  protrusion  is  not  so  necessary,  hence  the  teeth  are  more  dis- 
tinctly rooted  and  have  a  prominence  or  shoulder,  distinguishing  the 
body  of  the  crown. 
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B.  CHA170B  IN  Amount  of  Gbowth  Forcb. 

1.  Absolute  increase  of  Growth  Force, — As  every  type  has  had  its  period 
of  greatest  development  in  numbers,  size,  and  complication  of  structure, 
the  present  law  indicates  as  an  explanation,  a  culmination  of  the  pro- 
cess of  conversion  of  growth  force  from  its  energetic  to  its  potential  state 
in  tissue.  The  cause  is  primarily  the  increased  exercise  of  effort  and 
use,  which  while  effecting  a  conversion,  increases  the  capacity  of  the  or- 
gans by  which  further  conversion  is  effected. 

2.  Local  increase  of  Growth  Force. — Examples  of  a  local  increase  of  this 
kind  are  probably  to  be  seen  in  convoluted  organs  ;  as  the  convolutions 
of  the  brain  in  higher  Mammalia  ;  the  convolutions  of  the  enamel  of  the 
Labyriuthodont  Batrachia ;  the  same  phenomenon  in  the  cotyledons  or 
plumule  of  some  seeds.  In  these  cases  the  superficial  area  of  the  parts 
is  excessively  developed,  and  the  inclosing  organs  not  being  proportion- 
ately enlarged,  a  convolution  necessary  follows.  In  the  first 'case,  the 
skull ;  in  the  second,  the  alveolus  ;  in  the  third  case,  the  seed- envelope, 
restrain  the  expanse  of  the  contained  part,  which  would  otherwise  follow 
increase  of  growth  force. 

3.  Absolute  loss  of  Growth  Force. — This  will  follow  defective  nutrition, 
produced  by  inability  of  the  animal  to  obtain  heat  and  food  requisite 
to  that  end.  This  is  supposed  to  be  due  (according  to  the  view  hereafter 
proposed)  primarily  to  deficiency  of  intelligence,  in  failing  to  adapt  habits 
to  changed  physical  circumstances,  and  secondarily  to  the  unfavorable 
influence  of  such  changed  circumstances.  The  extinction  of  highly 
8X)ecialized  types,  which  has  closed  so  many  lines  of  animal  types,  will  be 
accounted  for  by  their  less  degree  of  plasticity  and  want  of  capacity  for 
change  under  such  changed  circumstances.  Such  changes  consist  of  mo- 
dified topography  and  temperature,  with  irruptions  of  many  new  forms 
of  life  by  migration.  The  less  developed  forms  would  be  most  likely  to 
experience  modification  of  structure  under  a  new  order  of  things,  and 
palaeontology  teaches  that  the  predecessors  of  the  characteristic  types  of 
one  period  were  of  the  less  specialized  forms  of  that  which  went  before. 

Thus  is  explained  the  fact  that,  in  following  out  the  line  of  succession 
of  animal  forms  we  have  constantly  to  retrace  our  steps  from  specialized 
extremes,  (as  osseous  fishes,  tailless  Batrachia,  song  birds,  etc.),  to  more 
generalized  or  simple  forms,  in  order  to  advance  beyond. 

4.  2  A«  complementary  diminution  of  growth  nutrition  follows  the  excess 
of  the  same  in  a  new  locality  or  organ,  of  necessity,  if  the  whole  amount 
of  which  an  animal  is  capable,  be,  as  I  believe,  fixed.  In  this  way  are  ex- 
plained the  cases  of  retardation  of  character  seen  in  most  higher  types. 
The  discovery  of  truly  complementary  parts  is  a  matter  of  nice  observa- 
tion and  experiment.  Perhaps  the  following  cases  may  be  correctly  ex- 
plained. 

A  complementary  loss  of  growth  force  may  be  seen  in  absence  of 
superior  incisor  teeth  and  digits  in  ruminating  Mammalia,  where  exces- 
sive force  is  evidently  expended  in  the  development  of  horns,  and  com- 
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plication  of  stomach  and  digestive  organs.  Tlie  excess  devoted  to  the  latter 
region  may  account  for  the  lack  of  teeth  at  its  anterior  orifice,  the  mouth ; 
otherwise,  there  appears  to  be  no  reason  why  the  ruminating  animals 
should  not  have  the  superior  incisors  as  well  developed  as  in  the  odd  toed 
(Perissodactyl)  Ungulates,  many  of  which  graze  and  browse.  The  loss 
to  the  osseous  system  in  the  subtraction  of  digits  may  be  made  up  in  the 
development  of  horns  and  horn-cores,  the  horn  sheath  being  perhaps  the 
complement  of  the  lost  hoofs.  It  is  net  proposed  to  assert  that  similar 
parts  or  organs  are  necessarily  and  in  all  groups  complementary  to  each 
other.  The  horse  has  the  bones  of  the  feet  still  further  reduced  than  the 
ox,  and  is  nevertheless  without  horns.  The  expenditure  of  the  comple- 
mentary growth  force  may  be  sought  elsewhere  in  this  animal.  The  lat- 
eral digits  of  the  Equidm  are  successively  retarded  in  their  growth,  their 
reduction  being  marked  in  Hippotherium,  the  last  of  the  three-toed  horses  ; 
it  is  accompanied  by  an  almost  coincident  acceleration  in  the  growth 
nutrition  of  the  middle  toe,  which  thus  appears  to  be  complementary  to 
them. 

The  superior  incisors  of  the  Artiodactyla  disappear  coincidentally  with 
the  appearance  of  horns,  which  always  exist  in  the  toothless  division  of 
the  order,  except  in  some  very  small  antelopes  {Gep7ialop7iu»y  etc.)  where 
the  whole  amount  of  growth  force  is  small.  Possibly  the  superior  inci- 
sors and  horns  are  complementary  here.  The  retardation  in^ development 
of  the  teeth  in  the  higher  apes  and  men,  as  compared  with  the  lower  ax>es 
is  coincident  with  the  increase  of  number  of  brain  convolutions.  That 
this  is  not  necessarily  coincident  with  reduction  of  teeth  in  other  groups 
is  plainly  proven  by  the  rodents*'  and  Chiromys  where  the  loss  of  many 
teeth  is  complementary  to  the  great  size  of  the  incisors  of  the  middle 
pair.  But  in  man  there  is  no  complementary  increase  of  other  teeth,  and 
the  reduction  is  no  doubt  due  to  contraction  of  the  jaws,  which  is  com- 
plementary to  increase  in  other  parts  of  the  cranium,  in  both  apes  and 
men. 

I  am  confident  that  the  origin  and  loss  of  many  structures  may  be  ac- 
counted for  in  this  way,  and  the  correlation  of  parts  to  each  other  be 
measured  accurately. 

Objection.  The  first  one  which  arises  is  that  which  the  author  of  the 
Vestiges  of  Creation  made  against  Lamarck's  theory  of  a  similar  kind,  ».  e, 
that  by  assuming  that  efibrt,  use  and  physical  causes  have  originated  modi-' 
fications  of  structure,  we  give  the  adaptive  principle  too  much  to 
do.  I  have  made  the  same  objection  to  the  theory  of  natural  selec- 
tion. It  is  true  that  an  application  to  a  purpose  is  involved  in  the  pres- 
ent theory  of  the  **  location  of  growth  force;"  but  in  point  of  fact,  a  large 
nimiber  of  non-adaptive  characters  are  accounted  for  by  it.  These  are 
the  rudimental  and  transitional  ones  which  mark  the  successive  steps 
preliminary  to  the  completion  of  an  adaptive  structure ;  second,  those 
produced  by  deficiency  of  growth  force  in  less  favored  regions  of  the  body, 
and  third  and  fourth,  phenopc^ena  ppnsequent  on  general  deficiency  and  ex- 
cess of  growth  force. 
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And  it  may  be  said  in  conclusion  that  if  the  three  principles,  or  if  use 
especially^  should  be  found  to  be  inadequate  to  the  service  here  demanded 
of  them,  it  may  be  at  least  said  that  they  or  the  last  named,  constitute 
the  only  controllers  of  growth  force  to  any  degree  at  all,  with  which  we 
are  acquainted. 

IV.      ON   GRADE  INFLUENCE. 

The  object  of  the  present  section  is  the  attempt  to  discuss  how  the  in- 
Huence  of  effort  and  use  on  the  parent  is  placed  in  a  position  to  be  inher- 
ited by  the  offspring. 

A,  Of  tJie  Nature  of  Grade  Influence, 

In  the  first  place,  it  is  necessary  to  note  the  definition  and  character  of 
grade  influence. 

a.  Growth  force  uniufiuenced  by  grade  influence  simply  adds  tissue 
either  (a)  in  enlarging  size,  or  (6)  in  replacing  waste.  It  does  this  by  re  • 
peating  the  cell,  by  division,  in  localities  which  have  already  assumed  their 
speciflc  form.  This  form  of  growth  force  may  persist  througl^out  life,  but 
with  diminished  energy  in  age. 

y9.  Grade  influence  directs  growth  force  in  building  up  the  tissues  into 
organs,  and  constructs  the  parts  of  the  body  successively  to  completion, 
the  result  expressing  the  type  or  grade  of  the  animal  or  plant.  Its 
energy  terminates  with  maturity,  except  in  cases  of  periodical  reproduc- 
tion of  sexual  ornaments  of  the  male  (birds,  deer),  where  it  continues 
throughout  life,  appearing  at  regular  intervals. 

But  it  has  occurred  in  acceleration  that  instead  of  a  simple  repetition  of 
the  ultimate  histological  element  of  an  organism,  in  adding  to  its  amount, 
it  adds  a  completely  organized  part  of  the  structure,  as  a  tube,  a  phalange, 
a  digit,  a  limb  or  an  arch  ;  an  ocellus  or  a  tooth.  For  instance,  in  the 
genus  Amhlystomay  one  section  possesses  four  phalanges  on  the  longest 
digit ;  another  section  eyhibits  but  three.  In  the  species  A,  mavortium, 
some  individuals  have  the  small  n\imber  of  phalanges,  but  the  majority 
possess  the  larger  number.  As  all  are  of  common  parentage  a  whole  pha- 
lange has  been  lost  or  added.  The  explanation  of  this  phenomenon  is 
essential  to  the  comprehension  of  the  origin  of  type  structures. 

*In  plants,  growth  nutrition  continues  throughout  life,  but  in  the 
higher  plants  it  is  more  active  during  the  earlier  years  in  perennial 
species,  additions  to  size  becoming  less  and  less  marked  with  increasing 
age.  Grade  nutrition  also  persists  throughout  life,  but  is  chiefly  active 
during  a  short  period  only  of  every  year,  or  during  flowering  and  fruit- 
ing. Not  only  in  the  production  of  the  reproductive  organs,  but  also  in 
the  yearly  additions  to  other  typical  parts  of  t^he  plant,  grade-nutrition  is 
active. 

**In  animals,  growth  nutrition  is  more  active  in  the  early  stages  of 
life,  but  is  continued  throughout  in  the  lower  divisions  ;  in  the  highest, 
it  is  also  continued  throughout  life,  but  there  is  a  greater  contrast  between 
its  results  during  youth,  when  nearly  the  whole  size  is  attained,  and  dur- 
ing age,  where  the  additions  are  much  less. 
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Grade  nutrition  is,  on  the  other  hand,  entirely  confined  to  infancy  and 
youth,  except  in  those  low  animals  which  produce  their  reproductive 
organs  periodically  (some  Entotoa,  etc.)»  where  it  may  be  said  to  be  in 
nearly  the  same  condition  as  in  plants. 

^  While  the  amount  of  growth  force,  potential  in  adult  liying  animals, 
has  varied  very  irregularly  throughout  the  animal  kingdom,  there  being 
large  and  small,  simple  and  complex,  in  every  division,  it  would  seem 
to  have  accumulated  on  the  whole,  with  the  rising  scale  of  animal  types. 
Thus  the  lower  or  Protozoa  are  the  smallest ;  Radiates  are  next  in  size ; 
Molluscs  and  Articulates  reach  nearly  the  same  maximum,  which  exceeds 
that  of  the  Radiates^  and  falls  far  below  that  of  the  Vertebrates,  Among 
the  last  the  mammalia  have  attained  as  large  if  not  larger  size  than  any  of 
the  other  orders  {e.  g,,  Oetacea),  This  is,  however,  not  necessary  to  the 
history  of  evolution. 

That  an  increased  amount  of  grade  growth  force  has  been  constantly 
rendered  potential,  dui-ing  the  advance  of  time  is  clear,  if  the  preceding 
inferences  be  true.  It  is  also  evident  that  some  individuals  have  accu- 
mulated it  more  rapidly  than  others,  if  all  alike  originated  from  the  sim- 
plest  forms  known  to  us.  Multitudes,  have  remained  in  the  earliest 
stages  {Protozoa)  of  the  whole  series,  or  of  their  own  special  series  (Lin 
gula),  forming  **  persistent  types ;"  or  taken  directions  which  rendered 
them  incapable  of  expansion  beyond  a  certain  point  without  exhaustion 
or  death  ;  for  example,  complicated  types,  as  Ammonitida.  The  quadi*u< 
manous  animal  which  was  the  progenitor  of  man,  may  thus  be  believed 
to  have  acquired  a  higher  capacity  of  this  accumulation  than  his  cotem- 
poraries. 

Assuming  the  nucleated  cell  to  be  the  ultimate  element  of  organic 
tissue,  there  are  two  types  of  life  in  which  grade  influence  has  not  ap- 
peared, viz.  :  unicellular  animals  and  plants,  and  living  forms  composed 
of  homogeneous  protoplasm.  In  the  latter  neither  grade  influence  nor 
animal  growth  force  is  potential ;  in  the  former,  simple  growth  force  only. 
It  is  therefore  apparent  that  grade  influence  has  been  developed  in  the 
organism  itself ;  perhaps  this  may  have  been,  in  the  plant,  through  the 
modified  infiuence  of  external  physical  causes  ;  in  the  animal,  if  our  in- 
ductions as  to  use  and  effort  be  true,  under  the  influence  of  the  activities 
of  the  parent,  which  determined  a  structural  change  either  in  itself  or  in 
its  offspring.  The  possibilities  of  this  origin  are  considered  in  the  next 
section. 

d.  The  Location  of  Growth  Force  proceeds  under  the  direction  of  what 
Professor  Henry  calls  **  Vital  influence."  With  this  author  I  discard  the 
use  of  the  term  "Vital  Force,*'  what  was  originally  understood  by  that 
term  being  a  complex  of  distinct  ideas.  The  Vital  forces  are  (nerve  force) 
Neurism^  (growth  force)  Bathmisniy  and  (thought  force)  Phrenism.*    All 

•The  objection  of  President  Barnard  to  thought  being 'an  exhibition  of  a  force.  Is  that "  thought 
cannot  be  measured."  This  objection  does  not  take  Into  consideration  the  two-fold  nature  of 
thought.  The  amount  of  thought  can  most  assuredly  be  measured,  the  quality  of  the  thought,  In  one 
view  of  the  case,  cannot.  That  part  which  cannot  be  measured  is  that  which  determines  the  Looa^ 
turn  qf  thought  force,  which,  as  In  the  case  of  growth  force,  is  an  attribute  of  the  vital  or  other  prlu- 
clp1«.  . 


Digitized  by 


Google 


1871.1  256  fCopa. 

of  these  are  supposed  to  be  correlated  to  the  Physical  Forces,  but  are 
under  direction  and  control  of  the  Vital  principle  which  locates  their 
action,  etc.,  just  as  molecular  or  atomic  constitution  determines  the 
locality  and  character  of  the  physical  forces.  The  laws  of  the  vital  prin- 
ciple and  of  atomic  constitution  also  determine  the  nature  of  the  conyer- 
sion  of  one  force  into  another.  Now,  since  physical  and  vital  forces  are 
correlated  and  convertible,  the  close  relationship  of  the  two  controlling 
principles' becomes  obvious,  and  suggestive  of  their  identity. 

Dr.  Carpenter,  in  describing  the  correlation  of  physical  and  vital  forces, 
defines  the  difference  of  organic  species  to  be  similar  to  that  prevailing 
between  different  chemical  bodies  Cthe  latter  depending  on  different  mo- 
lecular and  atomic  constitution),  which  leads  them  <'  to  beJiave  differently" 
from  each  other  under  similar  circumstances.  This  may  be  more  fully 
expressed  by  saying  that  different  species  possess  different  capacities  for 
the  location  of  the  conversion  of  the  physical  forces  into  g^wth-force. 
A  ''descent  with  modifications  "  contemplated  by  a  process  of  evolution, 
signifies  a  progressive  change  in  this  capacity.  Acceleration  means  an 
increase  in  this  capacity ;  retardation  a  diminution  of  it.  Grade  influence 
means  the  influence  which  has  produced  this  change  of  capacity. 

Precisely  what  the  change  consists  in  is  a  mystery,  but  that  it  is  msft- 
erial  in  its  character  is  rendered  more  probable  the  more  we  examine  it. 

B.  The  Origin  of  Grade  Influence, 

Living  protoplasm  can  convert  heat  and  nutriment  into  growth 
force  without  the  agency  of  the  nervous  system.  This  is  proven  by  the 
nutrition  of  the  Protozoa  and  Ccelenteraia  and  from  experiments  on  the 
muscles  of  frogs,  etc.  In  the  latter  case,  as  is  well  known,  the  nerve  may 
be  divided,  and  the  muscle  retain  its  size  if  a  current  of  electricity  be 
passed  through  it,  thus  sustaining  the  nutrition.  As  the  presence  and 
structure  of  the  nervous  system  is  in  relation  to  the  specialization  of  ani- 
mal structure  in  other  respects,  it  is  very  probable  that  the  nervous  system 
is  in  higher  animals  the  agent  of  the  location  of  growth  force.  In  the 
lowest  it  is  not  effected  by  any  such  means.  As  the  nervous  system  is 
the  instrument  of  the  metaphysical  peculiarities  of  the  animal  (emotions, 
choice,  etc.),  we  may  conclude  that  in  the  lower  animals,  location  of 
growth  force  is  influenced  by  necessity  without  choice;  in  the  higher  by 
necessity  with  choice. 

The  impulses  derived  from  the  nervous  system,  it  is  known,  may  be 
reflex  or  automatic  in  consequence  of  application  of  stimuli  from  without. 
They  may  become  so  also,  after  having  been  originated  consciously  or  by 
effort  of  will.  In  the  case  of  habits,  frequent  exercise  of  choice  has  so  im- 
pressed the  nervous  system  as  to  result  in  its  repetition  of  effort,  often  in 
opposition  to  changed  choice. 

The  influence  of  effort  in  muscular  action  on  the  nervous  system  ap- 
pears to  be,  first,  to  enable  it  to  convert  heat  to  nerve  force,  and,  then,  to 
conduct  nerve  force  to  the  involuntary  muscles  or  those  controlling  cir- 
calatioUy  where  it  is  converted  into  motion,  which  thus  controls  nutri- 
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tion  through  circulation.  The  nervous  system,  like  others,  develops  in 
capacity  with  use,  hence  probably  nerve  tissue  converts  heat  into  nerve 
force  as  muscular  tissue  converts  heat  into  motion.  In  other  words,  by 
repetition,  the  capacity  of  the  nervous  syst*5m  for  this  conversion  of  heat 
is  known  to  increase.  As  the  amount  of  heat  converted  is  in  proportion 
to  the  amount  of  appropriate  nerve  tissue  (see  above)  it  is  evident  that 
use  and  effort  increase  the  amount  of  nerve  tissue. 

The  phenomena  of  thought  render  the  same  modification  of  structure 
probable.  E  ffort.  in  the  direction  of  thought  is  supposed  to  convert  heat 
into  thought  force.  Inasmuch  as  the  more  intelligent  animals  possess  the 
highest  development  of  cerebral  hemispheres,  it  is  highly  probable  that 
brain  substance  converts  heat  into  growth  force  also,  which  produces  tissue 
of  its  own  kind  precisely  as  muscle  does. 

As  different  parts  of  the  nervous  centres,  subserve  different  purposes, 
the  development  of  these  parts  must  proceed  approximately  under  the 
influence  of  special  kinds  of  effort  and  use.  Where,  as  in  the  adult,  heat 
is  converted  into  growth  force  in  the  tissues  to  a  very  limited  extent,  if 
the  above  principles  be  true,  the  conversion  of  heat  by  the  nervous  system 
into  nerve  growth  force  and  tissue,  is  on  the  other  hand,  not  terminated. 

Capacity  for  effecting  conversion  of  force  is  regarded,  as  above  pointed 
out,  as  dependent  on  molecular  constitution.  Hence  we  conclude  that 
change  in  that  capacity  on  the  part  of  the  nervous  system  involves  a  mo- 
lecular change  in  its  constitution. 

Now,  it  is  apparent  that  if  the  nervous  centres  possessed  the  enlarged 
capacities  for  the-  conversion  of  heat  into  nerve  force  and  thus  of  con- 
stantly controlling  the  circulation  in  special  directions,  in  a  growing  or 
foetal  animal,  tissue  will  be  produced  in  the  directions  in  question.  For 
the  heat  converted  into  motion  in  the  adult  is  in  the  fcBtus  in  large  part 
converted  into  growth-force. 

Now,  we  know  physical  and  metaphysical  peculiarities  of  parents  to  be 
inherited  by  offspring,  hence,  no  doubt,  the  nervous  structure  determina- 
tive of  growth  force  is  inherited.  This  will  then  control  the  localities  of 
special  conversion  of  heat,  etc.,  (from  the  mother)  into  growth  force,  in 
accordance  with  the  structure  of  the  parent,  and  the  more  decidedly,  as 
its  own  increase  progresses. 

The  result  will  be  acceleration,  or  construction  of  tissues  and  organs  in 
excess  of  those  of  the  parent,  if  the  effort  or  use  devoted  to  a  nerve  or 
organ  be  represented  in  the  nerve  centre  of  the  parent  by  a  greater  amount 
of  force-converting  tissue,  than  is  necessary  when  inherited  in  the  fodtus 
for  the  construction  (by  conversion),  of  tissues  and  organs  like  those  of 
the  parent. 

That  this  is  a  partial  explanation  of  inheritance,  is  rendered  probable 
from  the  fact  that,  the  types  of  structure  presented  by  the  nervous  centres, 
express  the  grade  of  the  animals  possessing  them  far  more  nearly  than 
those  of  any  other  organ  or  set  of  organs.  If  the  brain,  like  other  organs, 
develops  by  intelligent  use,  it  cannot  be  doubted  that  this  relation  of  its 
development  to  grade  is  not  accidental,'  but  that  grade  structure  is  an  ex- 
pression of  its  capacities,  physical  and  mental. 
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C,  On  the  Transmmion  of  Grade  Influence, 

B.OW  force  potential  in  nerve  structure  is  inherited  through  the  repro- 
ductive elements  is  a  great  mystery.  The  following  considerations  relate 
to  it. 

1.  Secre'ion  is  known  to  be  conducted  through  the  conversion  of  heat 
into  growth  force,  probably  through  the  intervention  of  nerve  force. 

2.  In  many  secretions  which  possess  strong  chemical  qualities,  as  gas- 
tric juice,  bile,  saliva,  etc.,  the  fluid  is  formed  by  a  destruction  of  the 
cells  representing  the  efforts  of  growth  force,  which  is  therefore  no  doubt 
converted  into  chemism  or  chemical  force, 

3.  In  the  spermatozooids,  which  are  produced  by  a  process  of  secre- 
tion, the  cells  are  not  destroyed,  and  thus  growth  force  remains  potential ; 
they  exhibit  however  lively  motions,  which  may  represent  motive 
force  derived  from  the  nervous  centre. 

4.  While  in  contact  with  the  yoll?  of  the  ovum,  so  long  as  vitality 
lasts,  the  motion  must  be  communicated  to  portions  with  which  it  is  in 
contact,  or  converted  into  one  of  the  forces  from  which  it  was  derived 
(heat)  or  into  another  force  (growth  force).  The  growth  force  potential 
in  the  cell  of  the  spermatozooid,  on  its  destruction,  becomes  converted 
into  heat  or  other  force.  Thus  may  originate  the  growth  force  of  the 
ovum,  which,  once  commenced,  is  continued  through  the  period  of  growth. 
The  process  might  be  compared  to  the  application  of  lire  to  a  piece  of 
wood.  The  force  co aversion  is  communicated  to  other  material  than  that 
first  inflamed.  The  new  fuel  in  the  case  of  the  embryo,  is  the  pro- 
toplasm derived  from  the  mother. 

V.   ON  INTELLIGBNT  SELECTION. 

As  neither  use  nor  effort  can  be  ascribed  to  plants,  and  as  we  know 
that  their  life  history  is  much  more  dependent  on  their  surroundings, 
than  is  that  of  animals,  we  naturally  look  to  the  physical  and  chemical 
causes  as  having  a  prime  influence  in  the  origination  of  their  type  struc- 
tures. Without  greater  familiarity  with  the  subject,  I  will  not  attempt 
to  say  how  far  the  various  degrees  of  growth  force  possessed  by  parent 
plants,  located  under  the  influence  of  meteoric  and  other  surroundings, 
and  preserved,  destroyed  or  restricted  by  natural  selection,  may  account 
for.  the  characters  of  their  successors  of  the  present  period.  But  other 
agencies  similar  to  use,  that  is,  automatic  movements,  may  be  also  intro- 
duced as  an  element  in  the  argument.  The  movements  of  tendrils  seek- 
ing for  support  may  be  here  considered,  and  as  Dr.  Asa  Gray  has  pointed 
out,  have  consequences  similar  to  those  of  use  in  animals.  When  the  ten- 
dril seizes  a  support,  growth  force  is  located  at  the  point  of  contact,  for 
the  tendril  increases  considerably  in  thickness. 

Among  animals  of  the  lowest  grade,  movement  must  be  quite  similar 
to  those  of  plants,  or  automatic  from  the  start,  and  not  even  at  the  be- 
l^inning  under  the  influence  of  will.  Evidence  of  will  is,  however,  soon 
Been  in  the  determinate  movements  of  many  of  the  Protozoa  in  the  seiz- 
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ing  of  food.  With  will  necessarily  appears  a  power  of  choicOj  boweTer 
limited  in  its  lowest  exhibitions,  by  the  lack  of  suggestive  metaphysical 
qualities,  or  the  fewness  of  altematiyes  of  action  presented  by  surround- 
ing circumstances,  to  animals  of  low  and  simple  organism.  We  can, 
however,  believe  that  the  presence  of  greater  or  less  number  of  external 
facilities  for  action,  characterize  different  situations  on  the  earth^s  sur> 
face,  as  well  as  that  greater  and  less  metaphysical  capacity  for  perceiving 
and  taking  advantage  of  them,  must  exist  in  different  individuals  of 
every  species  of  animal,  however  low,  which  possesses  consciousness  and 
will.  These  qualities  will,  of  course,  influence  effort  and  use  to  the  ad- 
vantage of  the  animal,  or  the  reverse. 

Effort  and  use  have  very  various  immediate  stimuli  to  their  exertion. 

Use  of  a  part  by  an  animal  is  either  compulsory  or  optional.  In  either 
case,  the  use  may  be  followed  by  an  increase  of  nutrition  under  the  influ- 
ence of  reflex  action  or  of  direct  volition. 

A  compulsory  use  would  naturfilly  occur  in  new  situations  which  take 
place  apart  from  the  control  of  the  animal,  where  no  alternatives  are  pre- 
sented. Such  a  case  would  arise  in  a  submergence  of  land  where  land 
animals  might  be  imprisoned  on  an  island  or  in  swamps  surrounded  by 
water,  and  compelled  to  assume  a  more  or  less  aquatic  life.  Another  case 
which  has  also  probably  often  occurred,  would  be  when  the  enemies  of  a 
species  should  so  increase  as  to  compel  a  large  number  of  the  latter  to 
combat  who  had  previously  escaped  it. 

In  these  cases,  the  fitructure  produced  would  be  necessarily  adaptive. 
But  the  effect  would  sometimes  be  to  destroy  or  injure  the  animals  (retard 
them)  thus  brought  into  new  situations  and  compelled  to  an  additional 
struggle  for  existence,  as  has,  no  doubt,  been  the  case  in  g^eologic 
history. 

Direct  compulsion  would  also  exist  where  alternatives  should  be  pre- 
sented by  nature,  but  of  which  the  animal  would  not  be  sufficiently  intel- 
ligent to  take  advantage. 

Most  situations  in  the  struggle  for  existence,  afford  alternatives,  and 
the  roost  intelligent  individuals  of  a  species  will  take  advantage  of  those 
most  beneficial.  Nevertheless,  it  is  scarcely  conceivable  that  any  change 
or  increase  of  effort,  or  use,  could  take  place  apart  from  compulsion  de- 
rived from  the  relation  of  external  circumstances,  as  a  more  or  less  remote 
cause. 

Preservation,  with  modiflcations,  would  most  probably  ensue  when 
change  of  stimulus  should  occur  gradually,  though  change  of  structure 
might  occur  abruptly,  under  the  law  of  expression  points,* 

Choice  is  influence  not  only  by  intelligence^  but  by  the  imagination  and 
by  the  emotions. 

Intelligence  is  a  conservative  principle,  and  always  will  direct  effort  and 
use  into  lines  which  will  be  beneficial  to  its  possessor.  Here  we  have  the 
source  of  the  fittest — t. «.,  addition  of  parts  by  increase  and  location  of 
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growth  force,  directed  by  the  will — the  will  being  under  the  influence  of 
various  kinds  of  compulsion  in  the  lower,  and  intelligent  option  among 
higher  animals. 

Thus,  intelligent  choice  taking  advantage  of  the  successive  evolution  of 
physical  conditions,  may  be  regarded  as  the  originator  of  the  fittest,  while 
natural  selection  is  the  tribunal  to  which  all  the  results  of  accelerated 
growth  are  submitted.  This  preserves  or  destroys  them,  and  determines 
the  new  points  of  departure  on  which  accelerated  growth  shall  build. 

The  influences  locating  growth  force,  may  be  tabulated  as  follows  : 


Division. 


Influence. 


Plants. 

Plants  with  me- 1 
chanical     move- 
ments ;  a  n  i  m  a  1  s  > 
with  indeterminate 
movements.  J 

Animals  with  de- 
terminate move- 
ments or  will,  but 
no  intelligence 

Animals  with  1 
will  and  less  Intel-  \ 
ligence.  J 

Animals  with  ) 
more  Intelligence.    S 


Physical  and  ?  ,   -  o 
chemical.    S^ 


■  effort  under 
compulsion. 


+    choice. 


+    intelligent  choice. 


As  examples  of  intelligent  selection,  the  modified  organisms  of  the  va- 
rieties of  bees  and  ants  must  be  regarded  as  striking  cases.  Had  all  in 
the  hive  or  hill  been  modified  alike,  all  soldiers,  neuters,  etc.,  the  origin  of 
the  structures  might  have  been  thought  to  be  compulsory ;  but  varied 
and  adapted  as  the  different  forms  are  to  the  wants  of  a  community,  the 
influence  of  intelligence  is  too  obvious  to  be  denied.  The  structural  re- 
sults are  obtained  in  this  case  by  a  shorter  road  than  by  inheritance. 

The  selection  of  food  offers  an  opportunity  for  the  exercise  of  intelli- 
gence, and  the  adoption  of  means  for  obtaining  it,  still  greater  ones.  It 
is  here  that  intelligent  selection  proves  its  supremacy  as  a  guide  of  use, 
and  consequently  of  structure,  to  all  the  other  agencies  here  proposed. 
The  preference  for  vegetable  or  for  animal  food  determined  by  the  choice 
of  individual  animals  among  the  omnivores,  which  were,  no  doubt,  ac- 
cording to  the  palaeontological  record  the  predecessors  of  our  herbivores, 
and  perhaps  of  carnivores  also,. must  have  determined  their  course  of  life 
and  thus  all  their  parts,  into  those  totally  distinct  directions.  The  choice 
of  food  under  ground,  on  the  ground,  or  in  the  trees  would  necessarily 
direct  the  uses  of  organs  in  the  appropriate  directions  respectively. 

In  the  selection  of  means  of  defence  a  minor  range  of  choice  is  pre- 
sented. The  choice  must  bd  limited  to  the  highest  capabilities  of  the  ani- 
mal, since  in  defence,  these  will,  as  a  general  thing,  be  put  foith.  This 
will,  however,  not  be  necessarily  the  case,  but  will  depend  in  some  meas- 
ure on  the  intelligence  of  the  animal,  as  we  readily  observe  in  the  case 
of  domesticated  species. 

In  the  case  of  the  rattlesnake,  already  cited,  the  habit  of  rapid  vibra- 


Digitized  by 


Googl 


Cope.] 


260 


[Dec.  1 


tion  of  the  tail,  appears  to  me  to  be  the  result  of  choice,  and  not  of  com 
pulsion .  For  the  cobra,  of  India,  for  the  same  purpose,  expands  the  ai 
terior  ribs,  forming  a  hood,  which  is  a  very  different  habit.  Here  are  tw 
alternatives,  from  which  choice  might  be  made,  and  violent  hissing  is 
third,  which  the  species  of  the  coliibrine  genus  Pityophts,  have  adopted  t 
some  purpose.  As  to  the  benefit  of  the  rattle,  it  no  doubt  protects  th 
animal  from  all  foes  other  than  man ;  but  is  rather  a  disadvantage  as  r( 
gards  the  latter,  being  by  a  beautiful  turn  of  events  a  protection  to  th 
higher  animal. 

On  the  principal  of  natural  selection  it  might  be  supposed  that  th 
harmless  snakes  which  imitate  the  Crotalus  for  the  sake  of  defence  wei 
preserved  ;  but  if  the  above  explanation  of  the  origin  of  the  habit  in  th 
latter  be  true,  the  second  explanation  is  not  valid. 

The  power  of  metachrosis,  or  of  changing  the  color  at  will,  by  the  es 
pansion  under  nerve  influence  of  special  pigment  cells,  exists  in  mof 
Beptiliaf  Batrachia  and  fishes.  It  is^  then  easy  to  believe  that  free  choic 
should,  under  certain  circumstances,  so  habitually  avoid  one  or  anothc 
color  as  to  result  finally  in  a  loss  of  the  power  to  produce  it. 

Thus,  it  appears  to  be  a  fact,  that  not  only  are  species  of  fishes  whic 
dwell  in  the  mud,  of  darker  hues  than*  those  that  inhabit  clear  water,  bi 
that  individuals  of  the  same  species  differ  in  a  similar  manner  in  relatio 
to  their  habitats,  those  that  live  in  impure  or  muddy  waters  havin 
darker  tints  than  those  of  clear  streams. 

Land  animals  present  equally  abundant  and  remarkable  imitations  o 
the  objects  or  substances  on  which  they  live.  This  is  well  known  in  ii 
sects  and  spiders,  which  look  like  sticks  or  leaves,  or  the  flowers  on  whic 
they  feed.  It  is  seen  in  reptiles,  which  in  very  many  cases  can  voluutaril 
assume  the  hue  of  leaf,  stone  or  bark,  or  have  constantly  the  gray  cole 
of  their  native  desert  sands. 

These  cases  are  largely  selective  or  optional  in  their  origin,  for  thoug 
metachrosis  is  also  induced  by  some  external  stimulus,  as  an  enemy  or 
food  animal,  yet  other  means  of  escaping  the  one  and  procuring  the  othei 
are  generally  open. 

These  facts  pave  the  way  for  a  consideration  of  the  phenomenon  c 
mimetic  analogy  which,  though  well  known  to  naturalists,  may  be  illui 
trated  by  the  following  new  facts  ; 

On  the  plaiDs  of  Kansas,  there  is  a  species  of  Mutilla  whose  abdome 
and  thorax  are  colored  ochraceous  or  brown-yellow,  above.  A  spider  c 
the  genus  Saliieus  is  equally  abundant,  and  is  almost  precisely  similar  i 
the  color  of  the  upper  surfaces,  so  much  so  as  to  deceive  any  but  a  mos 
careful  observer.  The  Mutilla  being  a  well  armed  insect,  and  a  sevei 
stinger,  there  can  be  no  doubt  that  the  Salticui  derives  considerable  in 
munity  from  enemies  from  its  resemblance. 

On  the  same  plains,  the  Caudisona  confluenta,  or  prairie  rattlesnak 
abounds.  It  is  an  olive  grey,  with  a  series  of  transverse  brown  dorsj 
spots,  and  two  rows  of  smallej*  lateral  ones.     The  head  exhibits  a  nun 
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ber  of  brown  and  white  bands.  The  prairie  Heterodon,  {ff,  nasicus)  pos- 
sesses not  only  the  same  tints  but  the  same  pattern  of  coloration,  and  at  a 
short  distance  cannot  be  distinguished  from  it. 

In  consequence,  as  one  may  justly  say,  this  species  is,  with  the  rattle- 
snake, the  most  common  serpent  of  the  plains,  as  it  shares,  no  doubt,  in 
the  protection  which  the  armature  of  the  Caudisona  gives  its  possessor. 
This  is  in  accordance  with  the  views  of  Wallace  and  Bates. 

A  curious  case  occurred  to  me  in  four  species  of  fishes,  which  I  took  in 
a  small  tributary  of  the  Yadkin  River,  in  Koane  County,  N.  C.  Among 
several  others,  there  were  varieties  of  the  widely  distributed  species 
Chaenobryitus  gilUi,  Hypsilepis  analostanus  and  Ptyehostomua  pidiensis, 
(each  representing  a  different  family),  which  differ  from  the  typical  form 
of  each  in  the  same  manner,  viz  :  in  having  the  back  and  upper  part  of 
the  sides  with  longitudinal  black  lines,  produced  by  a  line  along  the  mid- 
dle of  each  scale.  This  peculiarity  I  have  not  observed  in  these  species 
from  any  other  locality.  Until  I  had  examined  them  I  thought  them  new 
species. 

The  only  other  species  presenting  such  marking  in  the  Yadkin  River, 
is  the  large  perch,  the  Boccus  lineatus.  According  to  the  theory  of 
natural  selection  a  resemblance  to  this  well  armed  species  might  be  of  ad- 
vantage to  the  much  weaker  species  in  question  ;  yet  the  same  species 
co-exist  in  other  rivers  vnthout  presenting  the  same  mimicry. 

It  is  diflBlcult  not  to  urge  the  importance  of  the  causes  already  regarded 
as  efi&cient  in  the  originatibn  of  structure,  in  the  present  branch  of  the 
subject  also.  We  are  especially  disposed  to  call  in  use  and  effort  here, 
after  noticing  how  much  more  distinctly  change  of  color  is  under  the  con- 
trol of  the  animal,  than  change  of  shape.  It  must,  however,  be  borne  in 
mind  that  similar  resemblances  exist  among  plants ;  though,  as  Prof. 
Dyer  shows,  a  large  majority  of  these  cases  occur  in  species  of  different 
fioral  regions.  Thus  in  this  case,  as  in  those  of  structure  already  cited, 
we  appeal  first  to  physical  laws  in  the  lowest  beings,  but  with  the  in- 
creasing^  interference  of  use,  effort  and  intelligence,  as  we  rise  in  the 
scale.  Thus  it  is  that  in  the  Vertebrates  generally,  the  mimetic  resem- 
blances are  found  in  species  of  the  same  region,  where  only  an  intelligent 
or  emotional  agency  could  be  illustrated.  If  among  animals  as  low  as 
butterflies  the  influence  of  intelligence  be  denied,  that  of  admiration  for 
the  beauty,  or  fear  of  the  armature,  of  the  predominant  species  imitated, 
would  appear  to  be  sufficient  to  account  for  the  result.  Admiration  and 
fear  are  possessed  by  animals  of  very  low  organization,  and  with  the  in- 
stincts of  hunger  and  reproduction,  constitute  the  most  intense  metaphysi- 
cal conditions  of  which  they  are  capable.  But  our  knowledge  of  this 
branch  of  the  subject  is  less  than  it  ought  to  be,  for  animals  possess  many 
mental  attributes  for  which  they  get  little  credit. 

It  appears  to  be  impossible  to  account  for  the  highest  illustrations  of 
mimetic  analogy  in  any  other  way,  the  supposition  of  Wallace  that  such 
forms  must  be  spontaneously  produced,  and  then  preserved  by  natural 
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selectiOD,  being  no  explanation*  It  haa  been  nhown  by  Bennett  th 
obnQoes  of  such  mod  Location  arising  out  of  the  many  poB&ibiUtiea  « 
oeediugljr  small. 

If  the  above  positions  ho  true,  we  have  here  also  the  theory  ( 
development  of  intelliKcnt^  and  of  other  metiiphysical  traits.     In  » 
ance  with  it|  eaeh  trait;  appropriatea  from  the  material  world  the 
of  perpetuating  its  exhibitions  by  const  meting  its  instruments, 
ruuct  by  fUmiahing  increa^d  means  of  exerobe  of  these  qual  titles, 
have  thus  grown  to  their  full  exprcfisLon  in  man,  ■ 

CRiTiqtTE,  ^ 

t*  Oil  £fis  praeedtng  Many. — There  will  probal>ly  be  found  to  be  d 
eralite  resomblanoe  and  coincidence  between  the  theory  of  Use  and  1 
and  Lh©  Lamarckian  view  of  Dovolopment  The  writer  bas  neve 
Lamarck  in  Frenehf  nor  seen  a  n^tafcement  of  bis  tlieory  in  English,  i 
the  very  slight  notices  in  tlio  Origin  of  Specbs  and  Chambers*  Ei 
p*udia,  the  latter  subsequent  to  the  first  reading  of  this  pai>er, 

Darwin's  only  speculations  as  to  the  orifftfi  of  new  structures  whi 
oontaine<i  in  his  **  Origin  of  &p©cie»**  (^Ed.*  tSCO),  so  f ar  as  1  cai 
oecur  in  the  first  and  fitth  chapters.  In  the  tirst  he  saya,  disouasii 
variability  of  domestical  ted  animals  and  plaints,  ^'  I  think  we  are  ( 
to  conclude  that  this  gi-eater  variability  is  simply  due  to  onr  doi 
productions  having  been  raised  under  conditions  of  life  not  so  unifo 
aad  somewhat  ditttirent  fiom,  those  to  which  the  paront  specLts 
been  exposed  nnder  nature.  There  is  also,  I  tbink,  some  probabi 
the  view  pn^pouiidcd  by  Andrew  Knight  that  this  yariability  m 
partly  connected  with  excess  of  food.  *  *  *  But  1  am  stronj 
dined  to  suspect  that  the  most  frequent  cause  of  variabUity  may 
trihuted  to  the  male  and  female  reprodnctive  elements  having 
alTccted  prior  to  the  at^t  of  conception.  *  *  Nothing  is  more  eaa; 
to  tame  an  animal,  and  few  things  more  diMoult  than  to  get  it  to 
finely  under  eonQnement»  even  in  the  many  cases  where  the  raal 
temale  unite, ^'  etc.  Chapter  V.  repeats  similar  propoailiona  bat 
that  the  effect  of  climate  he  believes  to  be  small,  but  rather  gref 
plants  than  anitnals. 

Tiie  view  a^j  to  the  impressibility  of  the  reprodnctive  element  is 
up  hy  Mivart,  hut  the  aul^eot  remains  in  the  chaos  of  unsbap« 
IK)  theses^. 

3,  On  the  Origin  ^f  Genera, — The  memoir  issued  by  the  writer 
the  above  name  was  chiefly  devoted  to  the  demoustratioa  of  the 
Acceleration  and  Retardation-  A  small  portion  was  devoted  to  geo^ 
ioal  and  geolo;;lcal  relations.  It  remains  to  correct  two  ern 
former  portion  of  the  book, 

(1).  It  is  there  stated  [p»  .'))  that  the  Law  of  Natural  Selection^ 
win  is  as  follows  :  *^*  That  the  wilt  of  the  animal  applied  to  its  bo^ 
search  for  means  of  sabsietence  and  protection  from  injttries,  gra 
produces  those  features  which   are  evidently  adaptive  in  their  n 
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That  in  additioD,  a  disposition  to  a  general  variation,  on  the  part  of  the* 
species,  has  been  met  by  the  greater  or  less  adaptation  of  the  results  of 
such  variation  to  the  varying  necessities  of  their  respective  situations. 
That  the  result  of  such  conflict  has  been  the  extinction  of  those  types 
that  are  not  adapted  to  their  immediate  or  changed  conditions  and  the 
preservation  of  those  that  are." 

It  is  unnecessary  to  state  that  the  first  sentence  of  the  above  does  not 
express  the  theory  of  Darwin  in  any  part  or  particular,  while  the  two  fol- 
lowing do. 

Further,  it  is  stated  (same  page),  **  What  we  propose  is,  that  of  [gen- 
eric characters]  comparatively  very  few,  in  the  whole  range  of  animals 
and  plants,  are  adaptations  to  external  needs  of  forces,  and  that  of  specific 
characters  a  large  proportion  is  of  the  same  kind.  How,  then,,  could 
they  owe  their  existence  to  a  process  regulated  by  adaptation?"  Below, 
it  is  again  said,  "that  while  Natural  Selection  acts  by  the  *  preservation 
of  the  fittest,'  Acceleration  and  Retardation  act  without  any  reference  to 
fitness  at  all;  that  instead  of  being  controlled  by  fitness  it  is  the  controller 
of  fitness." 

Thus,  from  the  existence  of  large  numbers  of  non-adaptive  characters  I 
was  induced  to  believe  that  an  antagonism  existed  between  the  two  laws. 
The  present  essay  shews  this  to  have  been  an  error,  and  that  by  recon- 
ciling them,  they  become  coordinate  factors  in  producing  the  result. 
Thus  "Acceleration  and. Retardation"  is  the  "controller  of  fitness," 
because  all  adaptive  structures  are  produced  in  accordance  with  it,  and 
in  no  other  way.  The  law  of  Intelligent  Selection  also  prescribing  fitness, 
removes  it  from  the  domain  of  physical  or  material  necessity  implied  by 
Darwin's  law  of  "Survival  of  the  fittest."  Adaptation  therefore  is 
the  guide  of  change,  though  not  the  mechanically  produced  adaptation 
implied  by  natural  selection.  The  disturbance  of  the  balance  of  forces 
produced  under  its  influence,  leaves  growth  force  to  create  primarily,  the 
great  number  of  unadaptive  characters,  which  are  simply  unfinished  adap- 
tive ones,  and  secondarily,  others  occasioned  by  excess  or  loss  of  force 
in  different  directions. 

The  reconciliation  of  these  laws  and  their  complementary  relations 
were  perceived  before  the  essay  was  completed,  see  in  the  recapitulation. 
Prop.  II.,  p.  79. 

(2.)  Under  the  head  of  Heterology  (p.  55),  a  number  of  groups  are  in- 
troduced as  "Homologous"  (as  defined 
p.  54).  Some  of  t^ese  I  believe  to  be 
truly  of  this  character,  but  some  others 
are  probably  not  so  related,  but  are 
merely  series  of  genera  presenting  simi- 
lar structural  peculiarities  as  conse- 
quences of  the  operation  of  identical 
laws.    I  would  place  under  this  head, 

and  withdraw  from  the  homologous  class,  Fig.  13.    (See  p.  233. ) 

the  families  of  Lacertilia  Leptoghssaj  Diploglossa  and    Typhlophthalmiy 
those  of  the  Old  and^ew  World  Quadrumana  and  those  of  Cephalopoda. 
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.Catalogue  of  the  Pythokomorpha  found  in  the  Cretaceous  Strata  of 

Kansas. 
By  E.  D.  Cope. 
(Bead  before  the  American  Philosophical  Society,  December  17«A,  1871.) 
The  foUowiDg  brief  i*eview  is  prepared  in  consequence  of  the  acquisition 
by  the  author  of  a  considerable  accession  of  material  from  the  chalk  of 
Western  Kansas.  Attention  is  confined  to  one  order  of  Reptiles  at  pres- 
ent, owing  to  its  predominant  importance  in  the  vertebrate  fauna  of 
that  time  and  place,  as  is  indicated  by  the  great  profusion  of  individual 
remains  and  specific  forms.  Although  occurring  in  America  wherever 
the  Crataceous  formation  appears,  they  are  so  far,  more  numerously  rep- 
resented in  Kansas  than  elsewhere.  Though  not  rare  in  New  Jersey, 
crocodiles  and  tortoises  outnumber  them;  but  in  Kansas,  all  other  orders 
are  subordinate  to  the  Pythonomorpha,  As  is  now  well  known  since  1868* 
the  seas  of  the  American  continent  were  the  home  of  this  order,  while 
they  were  comparatively  rare  in  those  of  Europe.  In  the  latter  country 
we  have  four  species  only  determined  by  palaeontologists,  viz  : 

Mosasaurus 2 

Liodon 1 

?  Saurospondylus 1 

In  North  America  the  species  have  been  exactly  determined  from  three 
regions,  as  follows : 

Oreen  Sand  of  New  Jersey, 

Mosasaurus 6 

Baptosaurus 2 

Clidastes 2 

Liodon 4 

(?)Diplotomodon 1 

15 
Rotten  Limestone,  Alabama, 

Mosasaurus , 1 

Holcodus 1 

Liodon ' 3 

Clidastes 2 

7 
Chalk  of  Kansas. 

Clidastes t 3 

Edcstosaurus , 4 

Holcodus 4 

Liodon 6 


*  866  Transactions  Amer.  Phllo.  Soc..  Vol.  XIV. 

{To  he  continued  in  No.  88.) 
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We  have  additional  species  from 

Carolina  (Mosasaurus) 1 

Mississippi  (Platecarpus) 1 

Nebraska  (Mosasaurus) 1 

making  with  the  others  from 

New  Jersey 15 

Alabama 7 

Kansas 17 

A  total  of 42 

Of  these  I  am  not  acquainted  with  any  which  extends  its  range  into 
any  two  of  the  areas  above  named,  while  some  of  the  districts  possess 
X>eculiar  genera.  It  is  nevertheless  premature  to  draw  any  conclusions  as 
to  geogi'aphical  i*ange,  as  most  of  the  species  are  known  from  but  few 
specimens  as  yet. 

Two  genera  have  recently  been  discovered  in  Europe,  which  have  been 
thought  to  be  allied,  or  belong,  to  this  order.  One  of  these,  Acrodon- 
■tosaurus  Hulke,  rests  on  the  anterior  portion  of  a  maxillary  bone  with 
part  of  premaxillary  and  teeth.  These  portions  are  indecisive  as  to  its 
affinities.  It  is  from  the  English  Chalk,  The  second  form  is  the  Danu- 
biosaurus  of  Bunzel,  which  its  describer  refers  to  the  neighborhood  of 
Mosasaurus,  It  is  quite  plain  after  an  inspection  of  his  description  and 
figures,  that  it  has  no  affinity  to  that  genus  or  to  the  order  Pythonomor- 
pha.     It  is  from  Neiie  Welt,  from  the  Cretaceous,  near  Vienna. 

The  present  investigations  have  added  some  points  of  importance  to 
the  history  of  the  structure  of  the  order. 

First,  as  to  the  pterygoid  bones.  It  appears  that  these  elements  are 
thin  plates,  having  a  free  laminar  termination,  and  are  entirely  toothless. 
They  articulate  with  the  palatines  by  a  process  which  fits  their  posterior 
«margination.  l\r  Edestosaurus  tortor,  they  are  about  half  the  length  of 
the  palatines.  They  present  no  indications  of  ectopterygoid.  The  bones 
named  by  authors  pterygoids,  in  imitation  of  Cuvier,  ai*e  elongate  pala- 
tines, and  the  external  process  extending  to  the  maxillaries,  is  that  seen 
in  Varani,  serpents,  etc.,  and  is  at  no  time  distinct  from  the  palatines. 

It  has  also  shown  that  the  supposition  of  Goldfuss  and  myself,  that  the 
palatines  of  Mosasaurus  were  in  contact  on  the  median  line,  is  an  error, 
and  that  they  are  more  or  less  vertical  plates,  as  in  Liodon.  The  dis- 
tinction between  these  genei-a,  then,  rests  on  the  coossification  of  the 
chevron  bones  in  the  former,  and  their  permanent  independence  in  the 
latter  ;  perhaps  the  difference  in  the  form  of  the  teeth  may  also  count  for 
something. 

Second,  as  to  the  parieto-squamosal  arch,  which  is  distinctly  developed 
in  Holcodus  ictericus  and  Liodon  curtirostris  in  its  parietal  part  and  U. 
<iory'p'h(BUS  in  the  squamosal  part.  It  was  quite  strong  in  the  species 
named. 

Third,  as  to  the  pelvis.  This  part,  which  has  been  observed  by  Marsh 
A.   p.    S.— VOL.   XII— 2h. 
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in  Edestosaurus  dispar,  is  usually  perfect  in  Liodon  dyspelor.  The 
pubes  are  the  only  elements  united  below,  forming  a  weak  support  to  the 
abdomen.  The  ilia  are  slender,  not  united  with  vertebral  processes  above, 
or  without  indications  of  such  contact.  The  ischia  are  the  most  slendei 
and  directed  backwards. 

Fourthly,  in  the  hind  limb.  The  femur  of  L,  crassartus  has  been 
described  by  the  writer,  and  Professor  Marsh  asserts  its  existence  in  Lio- 
don, Clidastes  and  Edestosaurus.  The  present  collection  exhibits  both 
femuri  tibia  and  fibula  of  L,  dyspelor,  and  these  elements  are  now  first 
described.  The  first  mentioned  is  not  larger,  sometimes  smaller  than  the 
humerus,  and  has  a  prominent  trochanter,  nearly  connected  with  the 
head.  The  shaft  is  not  curved,  and  the  distal  end  is  expanded.  The 
tibia  is  a  narrow  bone  expanded  at  both  ends,  the  fibula  is  like  that  of 
Plesiosaurus,  but  wider,  or  partly  discoid.  It  has  been  known  to  natural- 
ists but  not  determined.  Thus  I  figured  it  for  Liodon  laevis,*  and  Leidy 
figured  it  for  an  upper  Missouri  species,  f 

CLIDASTES,  Cope. 

Proc.  Acad.  Nat.  Sci.,  Phila.  1868,  p.  233.  Trans.  Amer.  Philos.  Soc. 
1870,  211. 

Vertebrae  with  the  zygosphen  articulation.  [Palatine  bones  flat  and 
alate,  the  teeth  not  exposed  at  their  bases  unequally.  This  point  has  not 
been  observed  in  the  type  species,  (7.  iguanavus*] 

Clidastes  cineriarum,  Cope. 
Proc.  Amer.  Philos.  Soc,  1870,  583. 

Several  individuals  from  different  points  near  the  Smoky  Hill  River, 
Kansas. 
The  largest  species. 

Clidastes  vymanii,  Marsh. 
Amer.  Jour.  Sci.  Arts,  June,  1871. 

From  two  individuals  from  the  Smoky  Hill  River  and  its  North  Fork. 
A  small  species. 

Clidastes  pumilus.  Marsh,  1.  c. 
From  one  individual  from  the  Smoky  Hill  River. 
The  smallest  known  Mosasauroid. 

EDESTOSAURUS,  Marsh. 
Amer.  Jour.  Sci.  Arts,  1871,  June. 

Vertebrae  with  the  zygosphen  articulation ;  palatine  bones  narrow, 
partly  vertical,  the  bases  of  the  pterygoid  teeth  exposed  on  one  side,  or 
pleurodont.  (It  is  uncertain  whether  the  type  of  Clidastes  presents  this 
structure  or  not.) 

Edestosaurus  tortor,  Cope,  sp.  nov. 
VertebrcB  of  the  cervical  and  anterior  dorsal  regions  with  round  articu- 
lar faces,  not  emarginate  for  the  spinal  cord.     The  bodies  are  elongate^ 
♦Trans.  Amer.  Philos.  Soc.  1S09,  205.    t  (Cretaceous  Reptiles,)  U.  S.  Tab.  vlii.  fig.  10. 
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and  somewhat  contracted,  and  marked  everywhere  with  finer  and  coarser 
striae.  Hypapophyses  prolonged  on  the  cervicals,  the  free  one  of  the 
atlas  with  a  prolonged  keel-like  process. 

Quadrate  bone  with  long  external  angle  and  rather  thick  anterior  ala 
with  broad  rugose  margin.  A  prominent  obtuse  ridge  is  continued  from 
the  external  angle  to  the  inferior  articular  extremity,  the  distal  portion 
being  more  acute.  A  rugose  process  projects  at  the  point  where  the  pos- 
terior hook  approaches  the  body,  and  is  continued  as  an  elevated  narrow 
ridge,  parallel  to  the  previously  mentioned,  to  the  distal  articular  surface. 
A  button-like  knob  appears  on  the  posterior  margin  of  the  hook  opposite 
the  meatal  part.  A  strong  ridge  extends  on  the  inner  face  of  the  bone 
from  opposite  the  end  of  the  hook  to  the  base  of  the  great  ala.  The 
distal  articular  surface  presents  two  planes  ;  the  narrower  at  the  end  of 
the  posterior  pair  of  ridges  above  described  ;  the  larger  considerably  less 
distal,  like  a  broad  step. 

The  maxillary  bone  descends  regularly  in  front,  uniting  with  the  pre- 
maxillaiy  by  a  minute  suture.  Its  posterior  extremity  is  slender  and  acute. 

The  premaxillary  is  short  conic,  not  particularly  prominent.  The 
palatine  bone  has  a  slight  expansion  on  the  inner  side  ;  on  the  outer  the 
margin  is  very  narrow. 

The  teeth  number  seventeen  on  the  maxillary  bone.  They  are  com- 
pressed, least  so  anteriorly,  and  with  a  cutting  edge  from  base  to  crown 
as  far  as  the  fifth  from  the  front,  in  those  anterior  to  that  point  the  pos- 
terior edge  is  discontinued.  There  are  sixteen  pterygoid  teeth  which  are 
smooth  and  without  anterior  cutting  edge.  The  frontal  bone  has  a  low 
carina  along  the  median  line  of  its  anterior  portion. 

M. 
Length  of  axis  with  odontoid  process 078 

Diameter  of  baU  of  a  cervical  {  ^S^';;;; '.  ■.■;. .' .' ." .'  .oIb 

Expanse  of  diapophyses  do 084 

Length  of  centrum  do 052 

Length  of  maxillary  bone 363 

"        ramus  mandibuli  behind  dentary 31 

Length  of  premaxillary 04 

Total  of  cranium  (=2.33  feet) 713 

Length  of  pterygoid  and  palatine 315 

Length  of  centrum  posterior  dorsal  vertebra 066 

Diameter  o^  y>^{^^:li^::::::::-:-v:::\:  :gi 

The  bones  of  this  species  are  all  light  and  slender.  The  elongation  of 
the  vertebrae  indicate  that  if  their  number  was  of  the  usual  amount,  the 
animal  was  of  more  than  usually  slender  proportions.  The  position  in 
which  it  was  found  was  a  partial  coil,  the  head  occupying  the  inside  of  a 
turn  of  the  dorsal  vertebrae.  As  compared  with  B,  dispar  and  E.  velox  of 
Marsh,  the  present  difiers  in  the  lack  of  depression  of  the  centra  of  the 
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vertebr»,  especially  the  anterior,  and  in  various  details  of  structure  oi 
the  quadrate  bones,  as  well  as  the  larger  number  of  teeth. 

Discovered  in  Fossil  Spring  canon  in  the  grey  limestone  by  Martin  Hart 
well  and  Sergeant  Wm.  Gardner.  But  one  specimen  was  found,  whid 
includes  the  greater  part  of  the  cranium,  with  the  vertebrae  as  far  as  th< 
lumbar  region. 

Edestosaurub  btenops.  Cope,  sp.  nov. 

Indicated  by  a  large  part  of  the  skeleton  of  one  individual,  and  frag 
ments  of  two  others.  The  first  includes  a  large  part  of  the  cranium,  witi 
both  quadrates,  and  fifty  vertebrae,  including  the  axis.  The  character! 
are  similar  to  those  of  the  preceding  species,  but  all  the  bones  are  mon 
massive,  though  of  the  same  dimensions. 

The  teeth  are  strongly  compressed,  with  cutting  edge  fore  and  aft,  an< 
with  the  surfaces  distinctly  faceted ;  there  are  seventeen  on  the  mandi 
ble.  The  palatine  bones  are  stouter  than  in  E»  tortor,  but  the  teeth  art 
not  larger,  and  are  probably  as  numerous,  as  they  are  similarly  spaced. 

The  vertebrcB  exhibit  round  articular  smfaces,  those  of  the  dorsal  regioi 
being  rather  stouter  than  the  cervical,  though  the  difference  does  not  ap 
pear  to  be  so  marked  as  in  the  preceding  species.  The  anterior  caudal 
possess  wide  diai)ophyses.  The  articular  faces  are  a  vertical  oval,  a  littl< 
contracted  above,  sometimes  by  a  sti-aight  outline.  They  preserve  j 
peculiarly  elongate  form. 

The  quadrates,  like  those  of  the  last  species,  have  a  very  prominent  ex 
ternal  angle.  They  present  various  differences  which  may  be  regarded 
as  individual ;  for  example,  the  edge  of  the  great  ala  is  not  expanded  out 
wai*ds,  but  only  inwards ;  the  distal  articular  extremity  is  wider,  th( 
posteriorly  decui*ved  hook  is  more  contracted,  forming  a  deeper  externa 
concavity  behind  the  external  angle.  Characters  of  more  importance  an 
the  lack  of  the  two  ridges  which  bound  the  posterior  face  of  the  dista 
end  of  the  bone,  that  face  being  thus  convex  instead  of  concave,  and  th( 
process  below  the  meatus  is  isolated  and  not  continued  into  a  ridge,  ex 
cept  internally,  when  it  gives  rise  to  the  heavy  ridge  which  extends  to  th( 
base  of  the  great  ala.  The  button  on  the  posterior  aspect  of  the  hook  i 
wanting,  its  place  being  taken  by  a  recurvature  of  the  smooth  articula 
face  along  the  margin. 

M. 
Length  of  axis  (above) 0.06 

Diameter  ball  { j^^^^;;; ::::;  -:■-:-:■.  :S1? 

Length  of  a  posterior  dorsal 069 

Diameter  ball    i  vertical 033 

Uiametei  ban    |  transvei-se 038 

Length  caudal  with  flat  diapophysis 033 

Depth  cup,      do 031 

Width  cup,      do 03 

Length  mandible  (28  inches) 720 

Depth  at  coronoid  i^rocess 150 

*'       "  proximal  end  of  dentary 074 

*'       **   distal  **  *'         02 
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A  fine  specimen  of  this  species  was  found  by  Martin  V.  Hartwell  near 
Fossil  Spring.  Portions  of  a  second  were  found  by  Lieut.  Jas.  H.  Whit- 
ten  on  a  bluff  on  Butte  Creek. 

Both  the  above  species  are  the  most  elongate  in  proportion  to  their 
diameter  of  the  order.  They  are  larger  in  their  dimensions  than  those 
next  enumerated. 

Edestosaurus  dispar,  Marsh. 

Amer.  Jour.  Sci.  Arts,  Jime,  1871.     Smoky  Hill  River. 
Edestosaurus  velox,  Marsh,  1.  c. 

Near  the  North  Fork  of  the  Smoky  River. 

HOLCODUS,  Gibbes,  Cope  emend. 

Vei-tebras  without  the  zygosphen  articulation.  Palatine  bones  flat, 
alate,  its  teeth  not  unequally  exposed  at  the  bases,  or  not  pleurodont. 

This  genus  bears  the  same  relation  as  regards  the  palatine  bones  and 
teeth,  to  the  genus  Liodon  that  Glidastes  does  to  Edestosaurus^  as  above 
defined.  The  structure  of  the  caudal  vertebrae  I  unfortunately  cannot 
ascertain,  and  therefore  do  not  know  whether  they  are  as  in  Glidastes  or 
Liodon,  It  differs  from  Mosasaurus  as  it  does  from  Liodon,  i.  e.  in  the 
horizontal  laminiform  palatines. 

The  name  which  I  use  for  this  genus  was  originally  applied  by  Dr. 
Gibbes*  of  Charleston  to  a  species  represented  by  teeth  from  the  creta- 
ceous of  Alabama,  but  of  which  no  other  portions  were  known.  The 
teeth  of  the  Kansas  species  now  referred  to  this  genus,  are  very  similar 
in  character  to  those  described  by  Gibbes,  so  much  so  as  to  lead  me  to 
believe  that  when  other  portions  of  the  H,  acutidens  of  that  author  are 
known,  they  will  be  found  to  display  the  more  important  features  here 
regarded  as  truly  distinctive  of  the  genus.  Its  place  is  evidently  between 
Glidastes  and  Liodon,  the  pterygoid  bones  being  those  of  the  former,  and 
the  vertical  articulations  being  identical  with  that  characteristic  of  Lio- 
don, In  all  of  the  species,  traces  of  the  zygosphen  appear,  but  in  the  H. 
coryphaeus,  Cope,  the  rudiment  amounts  to  a  short  process  directed  for- 
wards at  the  base  of  each  anterior  zygapophysis. 

The  species  known  as  yet  are  of  medium  size  in  the  order. 

HoLCODus  coryphaeus,  Cope,  sp.  nov. 

Gharacters.  Cervical  and  dorsal  vertebrae  with  the  articular  surfaces 
depressed  transverse,  slightly  excavated  above  for  the  neural  canal. 
The  diapophyses  not  continued  inferiorly  to  the  rim  of  the  cup,  on  the 
cervical  vertebrae,  and  not  receiving  from  it  a  cap  of  articular  cartilage. 
Occipital  crest  much  elevated,  quadrate  bone  small,  the  meatal  pit  de- 
pressed between  bounding  ridges  above  and  below.  Rudimental  zygos- 
phen not  uniting  into  a  keel  above.  Teeth  slender  less  curved  than 
JT.  ictericus. 

Description.    This  species  is  chiefiy  based  on  one  specimen,  which  in- 

*The  Mosasaurus  and  allies:  Smithsonian  Contr.  to  Knowledge,  1851,  9  Plate. 
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eludes  the  greater  part  of  the  cranium  and  seventeen  vertebrae,  with  ribs. 
Isolated  portions  of  other  individuals  were  also  found  in  the  same  region 
of  country. 

The  disproportion  between  the  diameters  of  the  cervical  and  dorsal 
vertebrae  is  more  marked  here  than  the  species  of  Edestosaurus,  The 
centra  are  less  elongate,  though  with  larger  diameter.  The  cranium 
is  relatively  much  smaller,  the  teeth  absolutely  smaller,  though  the  quad- 
rate bones  are  of  equal  size.  The  general  character  of  the  species  is 
stouter,  but  less  strongly  armed,  and  less  elegantly  built. 

The  hypapophysis  of  the  atlas  has  a  short  small  keel  below.  The 
neural  spine  of  the  axis  is  elongate,  but  less  so  than  in  the  two  Edesto- 
sauri,  truncate  behind,  with  a  median  groove  into  which  the  anterior  keel 
of  the  neural  spine  of  the  third  cervical  vertebra  is  applied.  The  dia- 
pophysis  of  this  vertebrae  has  a  short  vertical  articulating  surface,  and  is 
continued  into  a  longitudinal  keel,  which  disappears  before  reaching  the 
edge  of  the  cup.  The  same  process  of  the  axis  has  a  longitudinal  paral- 
lelogi*ammic  articular  surface. 

The  supraoccipital  is  very  thick  and  is  roof-shaped,  the  keel  rising 
nearly  perpendicularly  from  the  foramen  magnum. 

The  suspensoria  are  directed  both  upwards  and  backwards,  at  about  an 
angle  of  45^  in  each  direction,  and  support  on  their  extremities  the  squam- 
osal bones.  These  are  prolonged,  forming  part  of  their  appropriate  arch. 
Ti  0  occipital  condyle  is  transversely  oval.  The  sphenoid  bone  embraces 
as  usual  the  basi-occipital  protuberances  ;  it  is  not  carinate  on  the 
median  line  below.  It  sends  out  on  each  side  near  the  anterior  extremity 
a  sub-horizontal  laminar  process. 

The  quadrate  bone  is  much  like  that  of  H.  ictericus,  but  is  relatively 
smaller.  While  the  teeth  in  that  species  are  smaller,  the  quadrate  is 
larger,  hence  the  difference  in  the  species  is  in  this  point  quite  striking. 
The  external  angle  is  prominent  but  very  obtuse,  and  is  the  summit  of  a 
very  thick  obtuse  ridge  which  extends  to  near  the  distal  articular  surface. 
The  posterior  hook  is  much  prolonged  downwards  and  has  no  button-like 
process  or  extetision  of  the  articular  surface  on  its  posterior  face.  This 
face  presents  a  strong  rib  along  the  meatus  and  disappearing  above  the 
pit,  throws  the  latter  into  a  depression.  This  is  increased  by  the  swelling 
of  the  external  angular  rib.  A  prominent  knob  very  rugose  at  the  ex- 
tremity rises  beneath  the  end  of  the  hook,  and  bounds  a  concavity  be- 
tween it  and  the  external  rib. 

The  latter  closes  the  concavity  by  curving  round  towards  the  knob  above 
mentioned.  A  keel  rises  exterior  to  the  rib,  and  below  it,  and  continues 
into  the  external  angle  of  the  articular  extremity.  Another  very  promi- 
nent keel  extends  from  the  knob  beneath  the  hook  to  the  base  of  the  great 
ala.     The  articular  extremity  is  transverse,  and  in  one  plane. 

The  maxillary  bone,  is  marked  with  shallow  longitudinal  grooves.  It 
supports  eleven  teeth  and  has  a  rather  steep  premaxillary  suture  descend- 
ing in  front.  The  nareal  expansion  in  front  occurs  opposite  the  fourth 
tooth. 
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The  teeth  are  rather  long  slender  and  incurved  and  recurved.  There  is 
a  distinct  cutting  edge  anteriorly  and  on  a  greater  or  less  part  of  the 
length  of  the  posterior  face.  The  crowns  are  four  or  five  faceted 
on  the  outer  face  ;  the  inner  face  is  more  numerously  faceted,  and  striate- 
grooved.  Tlie  section  at  the  base  is  sub-circular ;  higher,  the  outer  face 
is  tiatter,  the  inner  more  convex.  The  ai)ex  is  acute  and  the  cutting 
edges  strong. 

The  frontal  is  narrow,  and  differs  from  the  other  Holcodi  here  described 
in  having  the  olfactory  groove  closed  by  contraction  behind.  Both 
palatines  are  preserved.  They  support  twelve  cylindric  conic  teeth  which 
have  recurved  apices  and  striate  enamel.  The  section  is  a  flat  transverse 
oval,  where  the  external  transverse  process  is  given  off.  The  shaft  of  the 
bone  is  much  expanded  inwardly  with  a  thickened  margin ;  exteriorly  the 
margin  is  thin,  and  is  nearly  followed  by  the  series  of  teeth,  whose  bases 
are  exposed  externally,  and  are  therefore  pleurodont.  The  emargination 
for  the  pterygoid  is  very  deep. 

M. 

Length  of  axis  with  odontoid 0.074 

"  third  cervical 048 

Diameter  ball,    do.    {rn^^rse-;.V.V.V;;.V.V.V. !  i.-.:  y.!  Ts^ 

Elevation  of  spine  of  do.  from  centrum 046 

Length  posterior  doreal 068 

Diameter cer.t.-um  { r^'^^4\w;;;.v.;.v.v;;. v;;;;. ;:::::  :gi 

Length  basioccipital  and  basisphenoid 084 

Elevation  occipital  crest  above  floor  of  foramen  magnum. . .  .03 

Length  suspensorium  from  foramen  ovale 09 

Length  os  quadratum 073 

Width  distal  extremity 036 

Length  os  maxillare 21 

Depth  do.  at  thii-d  tooth 036 

Length  fourth  tooth 032 

"        ofcrownof  do 021 

Length  of  palatine  bone 155 

This  fossil  was  found  by  the  writer  projecting  from  the  side  of  a  bluff* 
in  a  branch  of  the  Fossil  Spring  Canon  near  the  mouth  of  Fox  Canon. 
The  bluff  was  from  80  to  100  feet  in  height,  and  the  Holcodus  was  taken 
from  a  position  forty  feet  below  the  summit,  from  the  yellow  chalk. 

HoLCODUS  TECTULUS,  Cope,  sp.  nov. 
Established  on  a  number  of  cervical  and  dorsal  vertebrae  of  smaller  size 
than  those  characteristic  of  the  other  species  of  the  genus.  The  centi*a 
have  not  suffered  frohi  distortion  imder  pressure.  The  articular  surfaces 
are  depressed  transverse  elliptic  in  outline,  with  a  slight  superior  excava- 
tion for  the  neural  canal.  A  well  marked  constriction  surrounds  the  ball. 
There  is  a  rudimental  zygosphen  in  the  form  of  an  acute  ridge  rising  from 
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the  inner  basis  of  the  zygapophysis  and  uniting  with  its  fellow  of  the 
other  side  forming  a  production  of  the  roof  of  the  neural  canal.  Th< 
combined  keels  become  continuous  with  the  anterior  acute  edge  of  th< 
neural  spine.  Thus  the  form  is  quite  different  from  that  seen  in  the  las 
described  species,  and  constitutes  a  lower  grade  of  rudiment.  The  fac 
that  this  zygosphenal  roof  is  separated  on  each  side  from  the  zygapophy 
ses  by  an  acute  groove,  g^ves  the  former  a  distinctness  more  apparen 
than  real. 

The  fixed  hypapophyses  are  short  and  broad.  The  centra  are  not  elon 
gate.    Those  of  the  anterior  dorsals  present  an  obtuse  keel  below. 

M. 
Length  of  a  median  cervical 0.043 

Diameter  of  baU  of   do.    { I^^\:seV.;.V.;.V. ". '. V. ! i, ! ! ! !  '.m 

Length  of  anterior  dorsal 043 

Width  of  cup 032 

Found  by  the  author  on  a  low  bluff  or  **  break  "  on  Butte  Creek,  four 
teen  miles  south  of  Fort  Wallace. 

HoLCODUS  iCTEBicus,  Cope. 

Liodon  ictericus,  Cope,  Proceed.  Amer.  Phil.  Soc.  1870,  p.  577.  Hay 
den's  Geol.  Survey  of  Wyoming  and  adj.  Ten*.  1871. 

In  adition  to  the  two  individuals  of  this  species  procured  by  Professo: 
B.  F.  Mudge  in  one  of  his  geological  surveys,  the  writer  obtained  a  con 
siderable  part  of  a  third  from  a  low  bluff  on  Fox  Canon,  south  of  For 
Wallace.  This  includes  seventeen  lumbar,  dorsal  and  cervical  vertebra 
including  axis,  with  ribs,  and  a  large  part^of  the  cranium  with  both  quad 
i-ates,  occipital  and  periotic  regions,  etc.  Its  characters  may  be  briefly 
pointed  out  as  follows  : 

Articular  surfaces  of  dorsal  and  ceiTical  vei-tebi*8B  tmnsverse  oval,  ex 
cavated  above  for  neural  canal ;  diapophyses  not  extending  below  to  tli( 
edge  of  the  cup,  hence  not  receiving  an  area  of  articular  cartilage  con 
tinuous  with  the  rim.  Occipital  crest  low,  oblique.  Quadrate  bon( 
larger,  the  meatus  depressed  between  ridges.  A  button  of  articular  sur 
face  on  posterior  face  of  hook.  Scarcely  any  rudiment  of  zygosphen 
Teeth  small,  much  incurved,  faceted  and  striate  ridged. 

Some  characters  additional  to  those  already  derived  from  the  first  knowi 
examples  may  be  added.  TTie  mandible  supports  only  twelve  teeth.  Tin 
palatine  bone  is  shorter  antenor  to  the  external  process,  and  longer  behind 
it  than  in  ff,  coryphcBus,  In  our  specimen,  the  posterior  extremity  is 
broken  off,  yet  shows  no  indication  of  the  emargfination  for  the  ptery 
goid  bone  an  inch  behind  the  position  of  its  anterior  extremity  in  H 
eoryphcBus,  There  are  ten  teeth  on  the  part  preserved,  four  in  front  oJ 
transverse  process  (six  in  ff,  coryphmus\  and  six  (probably  seven)  behinc 
(six  in  H,  corypTimuB),  The  plate  is  more  expanded  than  in  the  las1 
named  species,,  especially  the  thickened  inner  margin,  which  only  ap 
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preaches  the  basis  of  the  last  tooth ;  (reaches  the  tooth  line  at  the  fifth  in 
H,  coryphcBus,) 

The  occipital  crest  is  low  and  dii-ected  obliquely  forwards  from  the  for- 
amen magnum.  The  suspensoria  are  stout,  and  directed  at  an  angle  of 
450  in  both  the  superior  ard  posterior  directions.  The  basispTienoid  is 
strongly  keeled  below.  The  quadratum  is  like  that  of  H,  coryphcBUS  in 
its  massive  external  angle  and  ridge,  but  differs  in  the  shorter  hook  and 
the  non-interruption  of  the  groove  between  the  external  angular  ridge- 
and  the  knob  below  the  meatus.  The  cervical  and  dorsal  vertehrm  display 
the  same  disproportion  in  size,  observed  in  H,  coryphaus, 

M. 

Length  os  quadratum 0.081 

Width  ai-ticular  extremity  of    do 038 

Length  dentary  bone 28 

**        tooth  of    do.     third  from  behind. 022 

"  **    crown  only 016 

**        suspensorium  from  foramen  ovale 108 

Total  length  cranium  (23  in.) 58 

HOLCODUS  MUDGEI,  Cope. 

Liodon  viudgei)  Cope,  Proc.  Am.  Philos.  Soc,  1870,  581.  Hayden's 
Survey  Wyoming,  etc.,  1871,  p.  581. 

The  specimen  of  this  species  obtained  by  Professor  Mudge  on  the 
Smoky  Hill  River,  is  the  only  one  known  to  the  writer.  The  characters 
distinguishing  it  are  the  following  : 

Vertebrae  without  nidimental  zygosphen.  Quadrate  bone  with  plane 
surfaces  from  the  proximal  articular  surface  and  the  external  obtuse  angled 
ridge  to  the  meatal  pit ;  the  latter  therefore  not  sunk  in  a  depression  as 
the  other  species. 

The  frontal  bone  is  like  that  of  H,  ictericuSf  furnished  with  an  open 
olfactory  groove  on  the  inferior  face  ;  it  is  wider  over  the  orbits. 

A  re-examination  of  the  vertebrae  of  the  type  specimen,  which  I  de- 
scribed as  having  compressed  centra,  renders  it  probable  that  they  have 
been  so  modified  by  pressure  as  to  render  their  normal  shape  a  matter  of 
uncertainty. 

LIODON,  Owen,  Cope,  emend. 

Trans.  Am.  Philos.  Soc,  1870,  p.  200. 

yeitebrae  without  zygosphen  and  zygantrum.  Palatine  bones  separated 
from  each  other,  narrowed,  the  teeth  more  or  less  pleurodont.  Chevron 
bones  articulated  freely  with  the  caudal  vertebrsB. 

This  genus  embraces  several  species  from  the  Kansas  Chalk,  which 
range  in  size  from  the  most  usual  in  the  last  genus,  to  the  largest  known 
in  the  order. 

Liodon  curtirostris.  Cope,  sp.  nov. 

Characters,    Cervical  and  dorsal  vertebrae  with  transversely  oval  artic- 
ular faces,  which  are  little  depressed,  and  though  not  continued  to  the. 
A.  p.  s. — VOL.  XII — 2i. 
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neural  arch,  are  scarcely  excavated  above  for  the  neural  canal.  The  dia- 
pophysis  with  stout  inferior  horizontal  branch,  which  is  capped  by  an 
extension  of  the  articular  catilage  from  the  rim  of  the  cup.  Occipital 
crest  elevated,  sub-vertical.  Quadrate  broad  below ;  pit  sunk  between 
bounding  ridges. 

Description,  There  is  a  great  disproportion  in  the  sizes  of  the  cervical 
and  posterior  dorsal  vertebras  ;  the  centra  of  the  latter  are  rather  more 
depressed  than  those  of  the  former.  They  are  similar  in  proportion  to 
those  of  the  Holcodi  and  shorter  than  those  of  the  Edestosauri.  The 
short  axes  of  the  articular  faces  are  sub-vertical.  The  rudiment  of  zygos- 
phen  is  seen  in  the  slight  anterior  prolongation  of  the  roof  of  the  neural 
canal.     The  keel  of  the  hypapophysis  of  the  atlas  is  short  and  obtuse. 

The  greater  part  of  the  cranium  is  preserved.  The  supi-a-occipital  keel 
is  vertical  and  furnished  at  the  summit  with  a  pUcate  knob  for  the  inser- 
tion of  a  ligamentum  nucJuB.  The  thickness  of  the  walls  of  the  bone  is 
not  equal  to  that  in  H,  corypTuBus  and  the  suture  is  a  double  squamosal 
2.  e,  with  groove  along  the  middle  of  the  edge.  The  basisphenoid  is  but 
slightly  keeled  below,  and  is  distally  expanded  into  a  horizontal  plate  on 
each  side.  The  parietals  are,  as  usual,  confluent,  and  send  off  two  hght 
arches  postero-laterally  for  union  with  the  squamosal  bone.  Between 
their  origins  are  two  sub  parallel  ridges  which  disappear,  the  transverse 
section  of  the  narrow  part  of  the  parietals  being  rounded.  The  lateral 
ridges  within  the  temporal  fossae  are  obsolete,  while  the  convergent  angles 
wliich  bound  the  parietal  table  posteriorly  are  strongly  marked  :  This 
table  is  nearly  plane  and  the  foramen  parietale  is  large.  ThB  frontal  is 
narrowed  in  front,  and  has  an  elevated  keel  along  its  anterior  half.  The 
olfactory  groove  is  not  much  contracted  behind,  but  is  closed  by  the  apex 
of  the  rugose  area  in  front  of  t\iQ  foramen  parietale. 

The  palatine  bone  is  narrow  and  the  external  margin  is  very  slight,  the 
bases  of  the  teeth  being  exposed  in  that  direction.  The  iniier  margin  is 
much  thickened  downwards,  but  not  so  as  to  be  a  vertical  plate.  The 
hinder  part  of  the  bone  is  flat  and  horizontal,  with  a  long  maxillary  pro- 
cess. The  pterygoid  notch  falls  opposite  the  second  tooth  from  behind. 
The  whole  number  of  teeth  is  eleven. 

The  jat<?«  are  represented  by  the  greater  part  of  all  of  the  tooth-bearing 
portions.  The  maxillary  bone  is  shallowly  sulcate  on  the  exterior  face. 
Its  proportions  are  quite  similar  to  those  of  the  H,  corypJueus,  but  the  teeth 
it  supports  are  larger  and  fewer.  There  are  none  missing  from  the  ex- 
tremities of  the  specimen,  the  whole  number  being  ten ;  in  ff,  corphyaus 
there  are  eleven.  The  crowns  are  incurved,  faceted  externally,  and 
striate-grooved  internally;  there  are  cutting  edges  on  front  and  rear, 
both  strongest  near  the  apex ;  the  anterior  continued  to  the  base,  the  latter 
wanting  on  the  basal  third  on  median  maxillaries.  The  anterior  nareal 
expanse  marks  the  fourth  tooth  from  the  premaxillary  suture.  The 
premaxillary  bone  is  remarkable  for  its  shortness  and  flatness  at  the 
extremity,  this  part  being  depressed  and  scarcely  projecting  at  the  lower 
margin  in  front  of  the  anterior  teeth.    These  as  usual  number  four. 
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Both  quadrate  bones  are  preserved  nearly  entire.  They  have  the  same 
general  character  as  those  of  H,  ieterieus  and  H,  coryphceuSf  resembling 
rather  the  latter  in  the  great  length  of  the  posterior  hook,  which  is  with- 
out posterior  marginal  button.  The  proximal  external  angle  is  large  and 
obtuse,  and  is  continued  into  a  prominent  thick  ridge.  The  latter  divides 
below,  the  thick  extremity  turning  inwards  and  ceasing ;  an  acute  ridge 
continuing  outwards  and  joining  the  exterior  acute  extremity  of  the  dis- 
tal articular  surface.  The  submeatal  knob  is  broad  and  thick,  and  not 
prominent,  and  its  extremity  turns  at  an  acute  angle  forwards  on  the 
inner  face  and  forms  the  commencement  of  the  great  ala.  The  articular 
surface  is  straight  crescentic  with  an  expansion  on  a  tuberosity  on  the 
outer  face  (concave  of  crescent).  The  meatal  pit  is  sunk  between  the 
ridges  surrounding,  one  of  which  is  on  the  outer  margin  of  the  posterior 
hook. 

The  mandible  is  nearly  perfect.  The  dentary  bone  bears  thirteen  teeth, 
and  at  the  extremity  is  contracted  in  both  directions,  and  not  prolonged 
beyond  the  base  of  the  last  tooth.  The  ridge  which  descends  from  the 
cotylus  along  the  inner  face  of  the  articular  bone,  is  not  nearly  so  strong 
as  in  the  ff,  mudgei, 

M. 

Length  axis  with  odontoid 0.062. 

Elevation  neural  spine  of    do.     at  middle 046 

Length  third  cervical  (body) 05 

Diameter  bau  {roStai-;:::::::: i::!:: i::::.::;::  :iE 

Length  posterior  dorsal 065 

Diameterbaii{-Siar:::::::::::::::::::::::::r. 

Length  basis  cranii 09 

"        suspensorium 105 

Elevation  occipital  crest  above  floor  foramen  magnum.  .045 

Length  tooth  line  pterygoid 115 

**        maxillary  bone 21 

"        premaxillary  laterally 035 

Width  "  **      at  second  tooth 041 

Length  dentary 245 

**         maxillary  tooth 03 

"  **  "    crown  only 023 

**         OS  quadratum 077 

Width     "  "        distally 045 

Length  parietal 085 

"       frontal  to  nares  (median) 11 

Width        "      between  orbits 077 

Total  length  of  cranium  (18.75  inches) 473 

The  specimen  above  described  was  found  by  the  writer  on  the  denuded 
foot  of  a  bluff  on  the  lower  part  of  Fossil  Spring  Canon.  The  posterior 
part  of  the  cranium  with  several  vertebrae  were  found  exposed,  and  many 
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Other  bones,  inclurtrng  the  cranium  were  found  only  covered  by  the  super- 
ficial washed  materiaU  Other  portions  were  exposed  on  excavating  the 
blue  grey  bed  of  the  side  of  the  spur  adjoining. 

The  name  has  reference  to  the  abbreviation  of  the  head  and  jaws. 
LiODON  Gi.vxDiPERUs,    Cope,  sp.  nov. 

This  species  is  repi^sented  by  portions  of  two  individuals  from  locali- 
ties twenty-five  miles  apart.  These  are  unfortunately  in  each  case  only 
a  cervical  vertebra,  but  they  agree  in  possessing  such  peculiarities  as  dis- 
tinguish them  widely  frotn  anything  yet  known  to  the  writer. 

One  is  an  anterior,  the  other  a  i)osterior  cervical.  The  artipular  sur- 
faces are  tran&veriiely  cUiptic,  and  completely  rounded  above,  that  is, 
neither  tmncateil  nor  excavated  for  the  neural  canal.  Their  vertical  axes 
are  obliciue,  i.  c.j  make  leas  than  a  right  angle  with  the  long  axis  of  the 
centrum,  and  tlie  art i evil ar  surface  of  the  ball  is  thus  carried  forward,  on 
the  upper  fac^,  to  much  nearer  the  base  of  the  neurapophyses  than  usual, 
in  the  anterior  vprt^^bra  nearly  touching  them.  The  ball  is  likewise  more 
convex  than  tn  any  other  species,  having  a  slight  central  prominence  in 
the  posterior  vcitebrsi.  There  \h  no  annular  groove  round  the  ball.  In 
both,  the  articular  f*nrfaco  of  the  hypapophysis  is  truncate  and  bounded 
by  ati  elevation  in  fi^ont,  a  peculiarity  not  observed  in  any  of  the  species 
aUtfndy  described.  There  is  no  tiuce  of  zygosphen  in  either.  In  the  an- 
terior vertebra  the  diapophyses  ai*e  nearly  horizontal,  the  posterior  por- 
tion slightly  thickened  and  oblique.  The  anterior  portion  is  thinned  out 
and  very  iiigose  above  and  below,  and  does  not  continue  its  margin  into 
the  rim  ctf  the  cuii.  In  the  necond  veitebra,  the  diapophyses  are  very 
lar^j^e,  veitic^al  and  with  a  horizontal  portion  rising  in  a  curve  to  join  the 
middle  of  the  lateral  Tnargin  of  the  cup.  Neural  spine  narrowed  upwards 
keeled  behimU 

M. 
Length  centi-um  anterior  vertebra 0.064 

Diameter  ban  {vertto^L -;;;;;  ^ 

Length  of  posterior 064 

Dian..ter  ball  { zS^ii:::: v-::::-::.:.  iois 

Expanse  of  anterior  zygapophyses 055 

The  first  vertebra  wa«  found  by  the  writer  at  the  foot  of  a  bluff  on  the 
lower  part  of  the  Butte  f'reek  ;  the  second  was  procured  by  Professor  B. 
F.  3[Qdge  from  a  point  one  mile  south-east  of  Sheridan  near  the  North 
Fork  of  the  Smoky  River. 

It  is  this  species  that  I  compared  with  the  Mosasaurus  depressus,  Cope, 
in  a  report  on  the  collection  made  by  Professor  Mudge  (Amer.  Philos. 
Hoc.  J  1371 J  1*J8  Proceedings).  The  size  is  similar,  but  the  form  of  the 
articular  sui-faces  is  very  different. 

Li  on  ON  latispinus,  Cope. 

Proceed.  Amen  Philos*  Soc  1871,  p.  169. 

This  is  a  large  species,  nearly  equaling  the  L,  mitckellii  in  its  dimensions 
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that  is  forty  or  fifty  feet  in  length.  The  remains  representing  it  consist 
of  seven  cervical  and  dorsal  vertebrae,  five  of  them  being  continuous  and 
enclosed  in  a  clay  concretion. 

These  display  the  elongate  character  seen  in  i.  laevis,  etc.,  but  the  ar- 
ticular surfaces  are  transversely  oval,  thus  resembling  the  L,  ictericus. 
they  are  less  depressed  than  in  L.  perlatus  and  L.  dyspelor.  The  cup 
and  ball  of  the  penultimate  cervical  are  a  little  more  transverse  than  those 
of  the  fourth  dorsal,  and  none  of  them  are  excavated  above  by  the  neural 
canal.  The  last  cervical  is  strongly  keeled  on  the  middle  line  below,  and 
with  a  short  obtuse  hypopophysis  marking  the  beginning  of  the  posterior 
third  of  the  length  ;  the  median  line  of  the  first  dorsal  has  an  obtuse  ridge. 
There  is  no  keel  on  the  fourth  dorsal,  but  the  lower  surface  is  concave  in 
the  antero-posterior  direction.  The  diapophyses  on  the  last  two  cervical 
aud  three  first  dorsal  vertebras  have  great  ve^i;ical  extent ;  the  articular 
surface  for  the  rib  is  not  bent  at  right  angles  on  the  first  dorsal.  Neural 
arches  and  spines  are  well  preserved  in  most  of  the  specimens.  There  is 
no  trace  of  zygantrum.  The  neural  spines  are  flat,  and  have  consider- 
able antero-posterior  extent  on  cervical  as  well  as  dorsal  vertebrae,  and 
iire  truncate  above.     The  first  dorsal  bears  a  long  strong  rib. 

M. 
Transverse  diameter  cup  penultimate  cervical  vertebra. .  .  .051 

Vertical  diameter  of  same 041 

Length  centrum  fourth  dorsal,  without  ball 072 

Vertical  diameter  ball 0455 

Transverse        do 0555 

Elevation  front  margin  neural  spine  penultimate  cervical. .  .088 
Antero-posterior  diameter    do.  do.  do.     . .  .05 

There  are  smooth  bands  around  the  balls,  and  the  surfaces  of  the  centi-a 
ai*e  striate  to  these. 

The  depressed  cups  of  the  cei*vicals  and  anterior  dorsals  distinguish 
this  species  from  the  L.  valid  us,  L.  proriger  and  H,  mudgeL  The  same 
elements  are  much  larger  and  more  elongate  than  in  L,  ictericus. 

It  differs  especially  from  these  species  of  Holcodus  and  from  Liodon 
curtirostris  in  the  elongate  form  of  the  anterior  dorsals ;  in  the  latter,  they 
are  much  shorter  and  in  three  of  them  at  least,  the  inferior  limb  of  the 
diapophysis  is  turned  forwards  to  meet  the  rim  of  the  cup,  while  this 
feature  ceases  with  the  last  cervical  in  L,  latispinus.  The  articular  sur- 
faces have  planes  at  right  angles  to  the  axis  of  the  centrum  and  are  not 
prolonged  above  as  in  Z.  glandiferus.  The  last  hypapophysis  is  very 
short,  with  the  anterior  margin  transverse  and  elevated  as  in  the  last 
named  species. 

In  size,  this  species  is  intermediate  between  such  gigantic  forms  as  L. 
dt/spelor,  and  the  lesser  L.  curtirostris. 

The  type  specimens  were  found  by  Professor  B.  F.  Mudge,  one  mile 
south-west  of  Sheridan  near  the  **  Gypsum  Buttes." 
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LlODON  CRASSABTUS)  Cope,  sp.  IIOY. 

Liodon  large  species  near  X.  proriger,  Cope,  Proc.  Am.  Philos.  Soc., 
1871,  p.  168. 

This  saurian,  wiiich  is  similar  in  size  to  the  last,  is  represented  by  a 
series  of  dorsal  lumbar  and  caudal  vertebne  with  some  bones  of  the 
limbs. 

The  yertebrsd  are  as  much  distiuguished  for  their  shortness,  as  those  of 
L.  latispinus  are  for  their  elongation.  The  articular  faces  are  but  little 
broader  than  deep,  and  their  axes  are  slightly  oblique.  They  are  very 
slightly  truncate  above  by  the  neural  canal.  The  inferior  face  is  some- 
what concave  in  the  longitudinal  direction.  The  zygapophyses  are  stout 
and  there  are  no  distinct  rudiments  of  zygospen. 

The  dorsal  vertebrae  best  preserved  are  those  in  which  the  diapophyses 
reach  the  middle  of  the  sides  of  the  centra,  and  have  no  horizontal  limb. 
They  are  narrow  and  have  not  extensive  articular  extremital  surfaces. 

The  lumbars  and  anterior  caudals  have  round  articular  surfaces.  One  of 
the  latter  with  strong  diapophyses  but  posterior,  is  sub-pentagonal  in  out- 
line of  cup.  The  humerus  is  a  remarkable  bone  having  the  outline  of 
th:it  of  Clidastes  propython,  Cope,  but  is  very  much  stouter,  the  antero- 
posterior dimensions  of  the  proximal  extremity  being  greatly  enlarged. 
The  long  diameters  of  the  two  extremities  are  in  fact  nearly  at  right 
nngles,  instead  of  in  the  same  plane  ;  and  the  outline  of  the  proximal  is 
subtriangular,  one  of  the  angles  being  prolonged  into  a  strong  deltoid 
crest  on  the  outer  face  of  the  bone,  which  extends  half  its  length.  The 
inner  or  posterior  distal  angle  is  much  produced,  while  the  distal  ex- 
tremity is  a  flat  slightly  curved  diamond-shaped  surface.  The  fibula  is 
113  broad  as  long  and  three-quarters  of  a  disc.  The  phalanges  are  stout, 
thick  and  depressed,  thus  differing  much  from  those  of  Liodon  ietericus. 
A  bone  which  I  cannot  assign  any  other  position  than  that  of  femur 
has  a  peculiar  form.  It  is  a  stout  bone,  but  more  slender  than  tlie  humerus. 
The  shaft  is  contracted  and  subtrilateral  in  section.  The  exti-emities  are 
flattened,  expanded  in  directions  transverse  to  each  other,  the  proximal 
having,  however,  a  lesser  expansion,  in  the  plane  of  the  distal  end.  The 
former  has,  therefore,  the  form  of  an  equilateral  spherical  triangle,  the 
apex  enclosing  a  lateral  fossa,  and  representing  probably  the  great  tro- 
chanter.   The  distal  extremity  is  a  trans vei*se  and  convex  oval. 

This  bone  is  either  ulna,  femur,  or  tibia,  judging  by  form  alone.  Its 
greater  length  as  compared  with  the  fibula,  forbids  its  i-eference  to  the 
last ;  the  trochanter-like  process  of  the  head  is  exceedingly  unlike  any 
examples  of  the  second  bone  I  have  seen.  Its  reference  to  femur  is  con- 
firmed by  its  presence  with  the  caudal-veii;ebraB  of  a  similar  species  from 
near  the  Missouri  River,  Nebraska,  and  its  resemblance  to  the  femur  of 

L.  dyspelor. 

M. 

Length  humerus 0.10 

Proximal  diameter  do 095 

Distal  **  **  102 
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M. 

Length  femur 08 

Proximal  diameter  do 065 

Median  "  " 035 

Length  centrum  dorsal  vertebra  without  ball 061 

Transverse  diameter  cup 06 

Vertical  "  "     053 

Length  of  a  lumbar  (total) 055 

Diameter  ball  do  (transverse) 06 

Length  caudal 041 

Depth  ball  do 052 

Width  do    do 052 

The  form  of  the  humerus  is  something  like  that  of  Ichthyosaurus, 
Both  this  element  and  the  femur  are  remarkable  for  their  small  size. 
They  are  scarcely  half  the  dimensions  of  the  elements  of  the  anterior 
limb  of  Holcodus  ictericus,  and  are  even  less  than  those  of  L,  dyspelor  in 
proportion  to  the  animal's  size. 

It  is  unnecessary  to  compare  this  species  with  any  but  the  Liodon  pro- 
riger.  Of  this  species,  I  unfortunately  do  not  possess  any  of  the  limb 
bones,  and  must  rely  for  comparison  on  vertebi-se  alone.  The  type  spoci- 
men  lacks  the  dorsals,  hence  the  caudals  alone  remain  for  comparison. 
This  shows  that  they  are  three  or  four  times  as  large  as  the  same  propor- 
tions of  the  i.  crassartus.  In  a  smaller  specimen  of  L,  proriger,  the 
dorsals  are  preserved,  but  so  crushed  as  to  be  little  available  for  measure- 
ments. One  point  besides  the  gi'eater  size  is  noticeable,  their  generally 
more  elongate  form,  and  the  distinct  superior  emargination  for  the  neural 
canal. 

The  remains  above  described  were  obtained  by  Professer  B.  F.  Mudge, 
near  Eagle  tail,  in  Colorado,  a  few  miles  west  of  the  line  separating  that 
Territory  from  the  State  of  Kansas. 

A  series  of  twenty-nine  caudal  vertebrae  with  and  without  diapophyses, 
from  a  bluflf  on  Butte  Creek  belongs  perhaps  to  this  species.  The  proxi- 
mal specimens  at  least,  cannot  be  distinguished  from  those  of  Professor 
Mudge's  collection.  The  distal  ones  cannot  readily  be  distinguished  from 
the  terminal  ones  of  L,  proriger. 

Liodon  proriger,  Cope. 
Proc.  Acad.  Nat.  Sci.,  1869,  123.  Trans.  Am.  Philos.  Soc,  1870,  202. 
This  is  the  most  abundant  of  the  large  species  of  the  Kansas  chalk. 
The  writer  found  a  muzzle  consisting  of  premaxillary,  and  portions  of 
maxillary  and  dentary  bones,  in  a  spur  of  the  lower  bluffs  of  Butte  Creek, 
and  numerous  fragments  of  cranium  and  vertebrae  on  a  denuded  tract  in 
the  same  neighborhood.  Both  of  these  belonged  to  individuals  of  smaller 
size  than  the  type,  the  opportunity  of  examining  which  I  owe  to  Professor 
Agassiz.  The  moi*e  complete  Butte  Creek  specimen  belongs  to  a  huge 
animal ;  the  size  is  grandly  displayed  by  a  complete  premaxillai*y  bone 
with  its  projecting  snout,  and  large  fragments  of  the  maxillary.     These 
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furnish  characters  confirmatory  of  those  already  given  as  above.  The 
TertebrsB  are  remarkable  examples  of  fattening  under  pressure,  without 
fracture,  some  of  them  having  a  vertical  diameter  no  greater  than  one's 
hand.  The  cervicals  are  less  flattened  and  give  the  impression  that  they 
were  not  transversely  elliptic.  This  is  consistent  with  our  knowledge  of 
the  perfect  specimen,  where  it  is  as  described,  furnished  with  vertically 
ovate  articular  surfaces.  In  this  the  cup  is  symmetrical  and  not  distorted, 
but  the  ball  is  a  little  compressed  by  pressure. 

The  most  important  addition  to  the  knowledge  of  this  species,  furnished 
by  the  Butte  Creek  specimen,  is  the  chai*acter  of  the  quadrate  bone. 
The  external  longitudinal  angular  ridge  is  very  prominent  and  extends 
to  the  distal  end.  It  supports  a  hook-like  prolongation  of  the  proximal 
articular  surface,  almost  as  large  a  one  as  in  Clidastes  propython  and  more 
narrowed.  The  ridge  is  so  prominent  as  to  create  a  wider  face  or  surface, 
behind  the  basis  of  the  great  ala  than  exists  between  the  latter  and  the 
edge  of  the  articular  meatus.  This  basis  is  quite  convex  outward  and 
embi*aces  a  relatively  smaller  space  than  in  other  Pythonomorpha.  A 
section  of  the  bone  at  the  meatus  is  subtrilateral  with  a  notch  beliind. 
The  distal  articular  surface  is  prolonged  below  the  origin  of  the  great  ala, 
and  receives  the  keeled  termination  of  the  external  ridge. 

Total  length  quadrate 0.153 

Length  from  superior  to  inferior  origin  of  great  ala 08 

Length  external  angle  from  bases  of  ala 052 

The  two  usual  ridges  pass  inward  and  downwards  from  the  meatal 
knob. 
Tlie  above  quadrates  are  flattened  from  within  outwardly  by  pressure. 
A  portion  of  the  palatine  bone,  supporting  these  teeth,  displays  the 
characters  of  the  type,  viz. :  the  inner  face  vertical  and  deeper  than  the 
outer,  and  forming  a  strong  parapet  of  bone  on  the  superior  or  toothless 
aspect.  The  outer  face  a  little  expanded  laterally  :  the  bases  of  the  teetli 
exposed. 

It  is  proper  to  add,  that  the  locality  ascribed  to  the  type  specimen 
^*near  Fort  Hays,  Kansas,'*  which  was  given  me  on  inquiry,  is  probably 
erroneous.  Fort  Wallace  being  the  point  intended. 

LlODON  DY8PKL0R,  CopC. 

Proced.  Amer.  Philos,  Soo.,  1870,  574 ;  1871,  168,  172. 

This  large  reptile  was  first  described  from  specimens  sent  to  the  Smith- 
sonian Institution  from  New  Mexico.  Professor  Mudge  subsequently  ob- 
tained it  in  Kansas,  and  on  my  late  expedition  I  had  the  good  fortune  to 
procure  a  large  portion  of  another,  on  a  sloping  bluff"  on  Butte  Creek, 
fourteen  miles  south  of  Fort  Wallace.  This  specimen  is  one  of  the  most 
instructive  which  has  yet  bean  discovered,  including  as  it  does  fifty  vei-te 
bra?  from  all  parts  of  the  column,  a  large  part  of  the  cranium  with  teetl 
and  both  quadrate  bones ;  the  scapular  arch  complete,  except  lack  oi 
coracoid  on  one  side,  both  humeri,  radius  and  numerous  phalanges  ol 
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fore  limb  ;  the  pelvic  arch  complete  with  one  hind  limb  complete  to  tar- 
sus, with  phalanges.  The  premaxillary  is  wanting,  but  the  adjacent 
suture  of  the  maxillary  remains. 

The  fronto-nasal  septum  is  convex  in  transverse  section.  The  maxil- 
lary bone  is  much  attenuated  anteriorly,  and  supports  thirteen  teeth. 
The  ramus  mandihuli  is  high  and  slender ;  the  angle  is  quite  produced, 
and  the  median  articulation  indicates  considerable  mobility.  The  pala- 
tine bones  are  narrower  than  in  any  of  the  species  previously  described. 
They  are  deeply  notched  for  union  with  the  pterygoids,  and  the  superior 
posterior  process  terminates  in  an  acute  cone.  In  front  of  the  articulation, 
the  bone  is  a  vertical  plate  slightly  concave  on  the  inner  side  ;  the  ante- 
rior half  is  subquadrate  in  section,  the  outer  face  subvertical,  the  inner, 
regularly  rounded.  The  inferior  surface  is  marked  with  a  groove  which 
passes  from  the  inner  side  to  the  outer.  The  portion  on  the  outer  side  of 
this  groove,  is  on  the  distal  third  of  the  bone  produced  downwards  into  a 
prominent  keel  or  ridge.  The  anterior  extremity  is  an  acute  point.  Each 
bone  bears  eleven  teeth,  all  of  which  have  the  external  faces  of  their  roots 
exposed.  The  bones  are  curved  outwardly  from  the  fourth  tooth  from 
behind ;  opposite  the  sixth  there  is  longitudinal  concavity  on  the  inner 
face. 

The  occipital  region  and  suspensoria  are  not  present,  but  both,  quadrates 
were  found  perfectly  preserved  excepting  the  thin  ala.  They  present 
marked  characters,  being  most  nearly  allied  to  those  of  L.  proriger  and  L. 
validus.  The  proximal  articular  surface  exhibits  an  obliquity  in  the 
transverse  direction.  It  presents  a  large  external  angle  which  instead  of 
being  nearly  at  right  angles  to  the  axis  of  the  main  portion  of  the  surface, 
is  nearly  in  the  same  line.  The  decurved  posterior  hook  is  very  short. 
The  distal  articular  surface  has,  like  that  of  other  Liodons,  a  small  trans- 
verse extent,  and  is  divided  by  a  concavity  into  two  tuberosities.  The 
outer  of  these  receives  at  its  angle  the  prominent  narrow  portion  of  the 
external  ridge,  which  extends  from  the  external  proximal  angle.  The 
prominence  of  this  ridge  is  greater  than  in  any  other  species  except  L. 
proriger  ;  it  is  acute  throughout  its  length  and  has  a  gentle  sigmoid  flex- 
ure. The  basis  of  the  great  ala  includes  a  smaller  area  than  usual  and  is 
continuous  with  a  prominent  narrow  ridge  which  proceeds  from  inside  the 
metal  crest.  The  metal  crest  takes  the  place  of  the  "knob"  in  such 
Mesasauri  as  M,  dekayi,  it  projects  strongly  backwards  and  outwards  as 
an  angle  of  two  ridges  ;  the  inferior  being  acute  and  curved  and  termina- 
ting above  the  middle  of  the  distal  condyles.  The  meatal  pit  is  not  con- 
cealed between  ridges,  but  is  external ;  its  form  is  peculiar,  being  a  nar- 
row oval,  three  times  as  long  as  wide,  directed  downwards  and  forwards. 
Thus  the  characters  of  this  element  are  well  marked  among  those  per- 
taining to  the  other  species. 

The  teeth  are  not  much  compressed,  and  have  a  cutting  angle  on  the  an- 
terior an^  posterior  margins,  which  separate  nearly  equal  faces. 

The  vertebral  centra  change  in  form  from  the  anterior  to  the  posterior 
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regions.  The  ball  of  the  axis  is  round,  those  of  the  vertebrae  early  su 
ceeding  are  moderately  depressed.  The  balls  of  the  dorsals  are  transverj 
elliptic  with  a  slight  concavity  for  the  neural  canal ;  the  plane  a  little  ol 
lique  to  that  of  the  long  axis.  The  centra  are  more  depressed  posteriori 
where  the  balls  of  the  dorsals  present  rounded  lateral  angles.  On  the  Iue 
bars  preceding  the  caudals,  the  base  of  the  neural  canal  becomes  mo: 
elevated,  and  the  articular  faces  assume  a  slightly  pentagonal  outliu 
This  form  continues  as  far  as  our  specimens  of  caudals  extend.  On  thrt 
limibars,  the  centra  present  two  longitudinal  angular  ridges  below, 
whose  posterior  ends  the  chevron  articular  surfaces  appear  on  the  fir 
caudals.  All  present  an  incised  marginal  groove  to  the  ball.  The  su 
face,  especially  the  inferior,  is  strongly  rugose  up  to  this  groove,  esp 
cially  on  the  dorsals. 

The  axis  is  much  shorter  than  in  any  other  species  here  noted,  whe 
known.  The  neural  spine  has  a  very  oblique  superior  margin  and  is  e 
panded  behind.  The  diapophyses  are  narrow,  and  continued  as  vertic 
plates  to  the  inferior  face  of  the  centrum  at  its  anterior  margin.  Tl 
diapophyses  of  the  other  cervlcals  have  the  usual  horizontal  limb,  whii 
is,  however,  shorter  than  the  vertical.  In  the  anterior  dorsals,  they  a 
directed  more  obliquely  upwards  and  are  longer.  These,  and  all  oth 
dorsals,  maintain  a  connection  between  the  rim  of  the  cup,  and  tl 
anterior  basis  of  the  diapophysis  by  a  smooth  area  apparently  capp 
by  cartilage  in  life,  as  exists  in  Z.  curtirostris.  As  we  pass  posterior 
these  processes  descend,  and  become  naiTOwer,  until  finally  they  thin  o 
and  lengthen  into  the  ribless  diapophysis  of  the  lumbars.  Those  of  tl 
caudals  are  long  and  subcylindric.  Their  extremities  are  deeply  stria 
grooved.  The  neural  spines  of  all  the  vertebrae  are  longitudinaly  stria 
keeled.  The  zygapophyses  are  remarkable  for  their  naiTOW  form  ai 
surfaces.  The  atlas  is  shorter  on  the  outer,  and  longer  on  the  inner  fa 
than  in  L,  validus.  This  is  caused  by  the  fact  that  the  posterior  artic 
lar  face  is  not  transverse,  but  very  oblique,  and  instead  of  being  vertic 
and  narrow,  is  obliquely  longitudinal  in  its  long  axis.  It  is  separat< 
from  the  inner  face  by  a  wide  rugose  groove  behind  ;  its  lower  edge  sen 
a  keel  downwards.  There  is  no  process  at  the  thinned  infero-anteri 
angle. 

The  scapular  arch  was  small  especially  the  scapula,  which  is  absolute 
smaller  than  that  of  the  Holcodus  ictericus,  a  very  much  smaller  reptil 
The  posterior  margin  is  thickened,  the  anterior  thinner,  and  less  elevate 
The  superior  is  arched  upwards  and  backwards.  The  general  form  is  le 
oblique  than  in  L.  ictericus.  The  coracoid  is  twice  as  large,  and  is  fl 
and  thin.  Its  inner  margin  is  regularly  convex,  the  posterior  conca 
and  thin,  the  anterior  thickened.     The  foramen  is  present. 

The  humerus  is  different  in  form  from  that  obsei'ved  in  L.  crassartus,  . 
ictericuSy  CUdastes,  etc.  It  is  relatively  less  expanded  proximally  ai 
especially  distally ;  there  is  but  one  deltoid  crest,  which  is  proximal  ai 
near  one  extremity  of  the  articular  surface,  and  disappears  into  the  gen 
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ral  plane  above  the  middle  of  the  shaft.  The  general  form  is  flat,  partly 
due  to  pressure.  The  distal  extremity  is  but  little  convex  and  displays 
the  terminal  muscular  insertions  but  little  produced.  Near  the  inferior 
end  there  is  one  external  expansion  for  articulation  with  the  ulna. 

The  radius  is  lost.  The  ulna,  or  a  bone  which  is  like  that  regarded  as 
such  in  several  species  described  by  me,  has  the  extremities  in  different 
planes  which  cross  each  other  obliquely.  The  proximal  is  triangular  and 
very  wide,  too  wide  for  the  humeri  in  their  present  state.  It  is  also  too 
long,  leaving  but  little  space  for  a  radius.  The  distal  extremity  is  as  ex- 
panded, but  much  narrower,  and  presents  too  articular  surfaces,  a  large 
and  wide,  and  a  narrow,  connected  by  a  wide  isthmus.  The  bone  was 
taken  out  near  a  humerus,  but  not  in  position. 

The  pelvic  arch,  as  above  remarked,  was  found  perfect,  and  with  all  the 
elements  in  place,  with  a  femur  with  the  head  in  relation  to  the  acetab- 
ulum. The  articular  extremities  are  somewhat  depressed  and  do  not 
precisely  fit.  The  ilium  is  a  straight  flattened  bone,  dilated  moderately 
at  the  articular  extremity.  It  is  coarsely  rugose  striate  at  both  extremi- 
ties. The  ischium  is  a  longer  bone  than  the  ilium,  is  more  slender,  and 
more  expanded  at  the  articular  extremity,  where  it  is  also  thickened. 
The  shaft  is  curved  so  as  to  be  sub-horizontal  in  position  ;  it  shows  no 
trace  of  union  with  its  mate.  The  pubis  is  a  broader  bone,  with  the  axis 
transverse  to  that  of  the  body,  and  sigmoidally  curved,  first  slightly  for- 
ward then  gently  backwards.  The  common  suture  is  about  as  wide  as 
the  proximal  extremity.  The  posterior  margin  is  somewhat  thickened ; 
the  anterior  is  produced  into  a  process  directed  forwards,  which  is  the 
homologue  of  that  seen  in  the  Testudinata,  It  is  connected  with  the 
distal  end  by  a  thin  concave  margin. 

The  femur  is  rather  more  slender  than  the  humerus ;  the  distal  ex- 
tremity is  about  as  much  dilated,  the  head  less  so.  The  great  trochanter 
is  a  thick  convex  ridge  with  a  truncate  discoidal  articular  extremity, 
which  is  nearly  separated  from  the  head  by  a  groove.  Both  extremities 
are  moderately  convex.  The  fibula  is  similar  to  that  of  other  species  in 
its  broad,  three-quarters  discoidal  form.  Both  articular  surfaces  are 
strongly  convex  and  are  continued  on  the  inner  side  on  the  thinned  inner 
border.  The  external  margin  is  thickened  and  deeply  concave,  and  with- 
out tuberosity.  The  tibia  is  a  more  slender  element  with  sub-cylindric 
shaft  and  much  expanded  extremities.  The  proximal  is  oval  and  is  con- 
tinued as  a  narrow  ridge  on  the  inner  side,  for  contact  with  the  coitc- 
sponding  ridge  of  the  fibula.  The  distal  extremity  is  an  equilateral 
spherical  triangle,  of  which  the  inner  angle  is  on  a  different  plane  from 
the  remainder. 

The  phalanges  are  slender  with  cylindric  shafts  and  expanded  extremi- 
ties, which  support  oval  articular  surfaces.  Those  of  the  two  extremities 
appear  to  be  similar.  The  distal  ones  are  extremely  small  and  flat,  with 
expanded  extremities. 

Of  doubtful  bones  may  be  mentioned  two  with  flat  expanded  distal  ex- 
tremity and  thick  proximal,  bearing  an  oval  articular  surface,  with  an 
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aD^ailate  cxti'ctnity  TvLdch  terminates  in  a  thin  edge.  The  form  is  Ul 
that  of  a  narrowed  rati  his  of  L,  ictericus,  but  it  is  much  too  short  for  ti 
ulna.  Aa  it  wan  found  mth  the  scapula,  it  is  probably  a  portion  of  tl 
fore  limb,  and  hence  may  be  a  metacarpal.  A  somewhat  similar  bi 
narrower  boae  may  Ik:  metatarsal.  A  piece  which  is  probably  the  fn 
hypopoph^$U  of  the  atlas,  is  a  transversely  elliptic  piece  with  an  obliqi 
smtxith  articular  face  at  one  end.  The  posterior  face  rugose,  the  inferic 
with  a  Hat  truncate  pnicess  directed  downwards  and  backwards.  If  co 
rectly  identifitid^  its  great  peculiarity  consists  in  its  thinness  anteropo 
teriorly,  :ind  iho  lavg^e  process. 

In  comparing  this  fiiie«ies  with  the  L.  proriger,  its  nearest  ally,  I  ha^ 
alrt^afiy  observed  the  ditference  in  the  form  of  the  articular  surfaces  < 
the  ('iU'vical  vertebnt,  which  is  in  that  species  vertically  oval ;  the  presen 
tTaai4vt"r»ely  wo.  The  comparison  is  made  between  posterior  cervicals  ( 
both»  which  iti  L.  dyipdor  are  less  depressed  than  the  others.  As  it 
p<:is!*iblt!  that  the  fonn  in  the  tyi)e  example  of  L.  proriger  may  be  slight! 
aflectud  by  pix'sssui^',  I  compare  other  points.  Thus  the  palatine  horn 
are  moi^  alender  anteriorly,  and  the  outer  edge  descends  lowest  in 
ridge  ;  in  Z,  proriger  inner  is  produced  downwards  as  a  longitudinal  ril 
In  this  specicB  there  ai^e  eleven  teeth  ;  in  that  one,  nine.  The  quadral 
bone  of  L.  prorif/er  pre  seats  a  longer  external  angle,  and  more  prominei 
ext-emal  ridge^  with  sinidler  space  enclosed  by  the  bases  of  the  great< 
ala*  My  statenieut  in  a  published  letter  to  Professor  Lesley,  that  the  enc 
of  the  mandibles  were  acute,  thus  diflfering  from  L.  proriger,  is  an  erro 
due  to  my  having  mistaken  the  palatines  for  the  dentaries  on  a  cursoi 
examination  in  the  field.  The  posterior  extremity  of  these  bones  in  1 
proriger  is  unknown. 

The  only  sijecres  whose  dorsal  vertebraB  are  known  to  resemble  in  th 
stoutness  of  their  form  those  of  Z.  dyspelor,  is  L,  crassartus;  the  man 
fold  Llifference*5  of  the  latter  will  be  at  once  discovered  on  reading  th 
description  already  given. 

Measurements. 

M. 

Atlas  length  inner  articular  face 0.065 

'*         *'■      posterior   *'         "     054 

"     depth  "        **        ''     037 

Axis  length  at  middle  of  side 075 

**    depth  anteriorly 081 

'*    elevation  neural  spine 075 

''    width  *■  ''    (plane) 045 

'^    diameter  ball  i  vertical 07 

diameier  uaii  ^  horizontal 07 

Trrvipnl     *^        *^      (vertical 066 

Cervical  ^  horizontal 076 

'*         lerigth 09 

Anterior  doi^.l.  ^Hameter  ball  {  [;;;^^^^^^^^^  f^^ 
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Measurements.   .  M. 

Anterior  dorsal,  length  below  (with  ball) 10 

"  **  "       diapophysis 047 

"  "       depth  "  04 

Posterior    **        length  centrum 097 

"  "        height  neural  spine  (of  another) 12 

Lumbar  length  centrum 09 

"     diameter  ball  i  vertical 073 

aiameter  ball  |  horizontal 09 

"     length  diapophysis 096 

Caudal  (anterior)  length  centrum 073 

"      deDthballi^^^^^^^*^^ ^^^ 

aeptn  oaii  |  ^^rtical 075 

"  **        length  diapophysis 12 

*i  (posterior)     **     centrum 067 

**  **  ''     diapophysis 10 

Caudal  (posterior)  height  neural  spine 087 

"     "     ««-«*-  ^-^  { hoStaf ::::;::::: : : : :  :^'4 

Maxillary  bone,  length 65 

"        length  basis  of  two  teeth  (largest) 09 

Mandible,  depth  behind  cotylus 11 

''         length      **  "      11 

Width  nasal  septum 021 

Length  palatine  on  tooth  line 38 

Depth  "      at  third  tooth  from  front 039 

Quadrate  length 15 

**  "    external  angle 029 

"        width  face  from  meatus  to  external  ridge 029 

**  "     area  of  basis  of  ala 04 

"  "     at  condyles 07 

Scapula,  height  (axial) 12 

"      width 183 

Coracoid,    "    ^ 187 

* '        length 20  . 

**        thickness  at  cotylus : .'  .027 

Humerus,  length 18^ 

"        proximal  width 12 

"        distal  "     127 

Ulna,  length 179 

"        width    i  proximal 115 

^^^^^    tdistal 116 

"        thickness  proximally 06 

Ilium,  length 245 

* «      width  i  P^ximal 039 

^^^^^  t  distal 17S 
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Ischium,  length  on  curve 350 

width    i  proximal 018 

^^^^^    tdistal 087 

Pubis,  length  (straight) 195 

"  '*      to  anterior  process  (axial) 125 

**        width    /proximal 085 

^^^^    tdistal 075 

Femur,  length 185 

(  proximal 093 

"        width    \  median 064 

(distal 130 

Fibula,  length 116 

"        width    iProximal 100 

^^'^^     (distal 118 

**        proximal  thickness 052 

"        median  width 08 

Tibia,  length 103 

£  proximal 045 

**       width  I  median 025 

(distal 052 

"  thickness  {ffi"^^.::::::::;::::::::::::::::::::  :^ 

Phalange  (posterior),  length 08 

**        terminal  "       015 

Estimated  length,  cranium  (five  feet) 1.510 

**         total  length 75  feet. 

This  specimen  does  not  appear  to  be  quite  as  large  as  the  type,  which 
came  from  Fort  McRae,  New  Mexico.  The  diameters  of  the  vertebral 
centra  appear  to  be  larger  in  proportion  to  the  length  of  the  cranium  than 
in  the  Mosasaurus  dekayi,  hence  probably  the  body  had  a  greater  diame- 
ter. In  estimating  its  length,  reference  is  had  to  the  relations  in  size  oi 
the  caudal  vertebrae  of  the  type  of  L,  proriger  and  to  the  caudal  series  oi 
a  small  Liodon  found  on  the  bluffs  of  Butte  Creek.  The  caudal  vertebra 
are  quite  similar  to  those  of  the  former ;  in  the  latter,  a  series  of  thirtj 
centra  exhibit  very  little  diminution  in  size.  On  such  a  basis  the  lengtl 
would  be  about  seventy-five  feet. 

Portions  of  a  second  individual  of  this  species  or  of  L,  proriger,  wen 
found  on  Fox  Canon.  They  belonged  to  a  larger  animal,  one  equal  U 
the  New  Mexican  first  described.  Professor  Mudge  has  fragments  of  stil 
larger  specimens. 

The  principal  specimens  above  described  was  excavated  from  a  chall 
bluff.  Fragments  of  the  jaws  were  seen  lying  on  the  slope,  and  *)the; 
portions  entered  the  shale.  On  being  followed,  a  part  of  the  craniurr  wai 
taken  from  beneath  the  roots  of  a  bush,  and  the  vertebrsB  and  limb  brnei 
were  found  further  in.  The  vertebral  series  extended  parallel  with  th< 
outcrop  of  the  beds,  and  finally  turned  into  the  hill  and  was  followed  s 
far  as  time  would  permit.  It  was  abandoned  at  the  anterior  caudal  vei 
tebrae,  for  more  favorable  circumstances,  or  a  more  persevering  excavatoi 
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The  outcrop  of  the  stratum  was  light  yellow.  The  concealed  part  of 
the  bed  was  bluish.  Yellow  chalk  left  on  the  specimens  in  thin  layers 
became  white  or  nearly  so.  The  yellow  and  blue  strata  are  definitely  re- 
lated in  most  localities,  the  former  being  the  superior,  but  in  others  they 
passed  into  each  other  on  the  same  horizon. 


Stated  Meeting^  January  5^/i,  1872. 

Present  14  members. 

John  C.  Cresson,  Vice-President,  in  the  chair. 

Letters  of  acknowledgment  were  received  from  Professor 
Lewis  Strohmeyer,  Dec.  8th,  1870  (81, 82,  Proc.  A.P.S.),  Boston 
Public  Library,  Dec.  19, 1871,  R.  Saxon  Society,  Feb.  8,  and 
July  8, 1871  (84, 85,  Trans.,  Vol.  XIV.,  i.  ii.),  Natural  History 
Society,  Bremen,  Aug.  29, 1871  (83,  84,  85)  Professor  Fre- 
richs,  Feb.  8, 1871  (83,  84,  85),  R.  Bavarian  Academy,  Sept. 
18,  1871  (83,  84,  85,  XIV.,  i.  ii.),  R.  Observatory,  Munich, 
Aug.  14,  1871  (83,  84,  85),  Imperial  Russian  P.  C.  Observa- 
tory, March  13, 1871  (62,  73, 74,  78,  81,  82,  Trans.  Vols.  I.  to 
IX.,  and  XTTL,  iii.),  Bordeaux  Society  of  Sciences,  Nov.  16, 
1871  (82  to  85),  R.  Academy,  Berlin,  Aug.  9,  1871  (83,  84, 
85,  XII.  i.,  XIV.  i.  ii.).  Imperial  Observatory,  Prag.,  Aug.  16, 
1871  (83,  84,  85,  XIV.  i.  ii.) 

Letters  of  envoy  were  received  from  the  Chief  of  U.  S.  En- 
gineers, Washington,  Dec.  21, 1871,  and  from  the  Imperial 
P.  C.  Observatory,  St.  Petersburg,  Aug.  16, 1871. 

Donations  for  the  Library  were  announced  from  the  pub- 
lishers of  the  Flora  Batava,  and  Dr.  Schotel,  P.  C.  Observa- 
tory, St.  Petersburg,  Academy  and  Observatory  at  Munich, 
Societies  at  Bonn  and  Bordeaux,  Geographical  Society  and 
School  of  Mines  at  Paris,  Mr.  Stephenson,  M.  P.  Newcastle- 
on-Tyne,  London  Nature,  R.  Astronomical  Society , the  Natural 
History  Society  at  Bagota,  S.  A.,  the  Massachusetts  Historical 
Society,  Boston  Library,  Old  and  New,  Silliman's  Journal, 
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Chief  of  U,  S.  Corps  of  Engineers  and  Colonel  Williamson^ 
the  U.  S.  Coast  Survey,  Dr.  Genth,  Dr.  Hayden,  Mr.  Thos. 
Teonant  of  San  Francisco  and  Mr.  Stephen  Olney  of  Provi- 
dence, R.  I. 

Mr.  Clittse  for  the  Committee  on  the  Paper  on  Knights' 
Tours,  reported  progress. 

The  death  of  Robert  S.  Breckinridge,  a  member  of  this 
Society,  at  Danville,  Ky.,  on  the  26th  Dec,  1871,  aged  71 
years,  was  announced  by  the  Secretary. 

The  death  of  Professor  Franz  Bopp  at  Berlin,  was  an- 
nounced by  letter. 

Mr.  Eli  K.  Price  read  a  paper  on  some  Phases  of  Modern 
Philosophy,  the  discussion  following  which  was  postponed  to 
the  next  meeting. 

Tlie  Chairman  of  the  Finance  Committee  presented  its 
Annual  Report,  and,  on  motion,  the  appropriations  recom- 
mended therein  for  the  ensuing  year  were  passed. 

Mr.  Lesley  was  nominated  Librarian  for  the  ensuing  year. 

Pending  nominations  679  to  688,  and  new  nomination  [N'o. 
689  were  read. 

The  Repoitt*  of  the  Judges  and  Clerks  of  the  Annual  Elec- 
tion was  read,  and  the  following  named  persons  were  rejjorted 
officers  for  the  ensuing  year : 

President^  George  B.  Wood. 

Vice-Presidents^  John  C.  Cresson,  Isaac  Lea,  Frederick 
Fraley, 

Secretaries,  Charles  B.  Trego,  E.  0.  Kendall,  John  L.  Le 
Conte,  J.  P.  Lesley. 

Curators,  Joseph  Carson,  Elias  Durand,  Hector  Tyndale- 

CoimctUors  to  serve  three  years,  Daniel  R.  Goodwin,  Eli  K- 
Price,  W.  S.  TV".  Rushenberger,  Henry  Winsor. 

And  the  meeting  was  adjourned. 
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SOME  PHASES  OF  MODERN  PHILOSOPHY. 

By  Eli  K.  Price. 

(Bead  before  the  American  Philosophic  Society,  January  6th,  1872.) 

'*  I  am  a  brother  to  dragons,  and  a  companion  to  owls."  So  Job  was 
constrained  to  say  in  the  hour  of  his  great  afflictions  :  so  others  now  say 
induced  only  by  speculative  philosophy. 

The  tendency  of  much  of  the  modem  natural  and  physical  philosophy 
is  to  degrade  our  humanity,  and  to  dispense  with  the  belief  of  a  Creator. 
Delvers  in  a  special  field  are  not  content  to  exhibit  what  they  find  for  the 
use  of  those  who  are  farther  advanced  and  prepared  to  take  a  broader 
survey  from  a  more  elevated  height ;  but  they  theorize  and  make  their 
inductions  from  facts  too  few  and  inadequate  for  the  conclusions  drawn. 
The  result  cannot  be  truth,  but  error.  Theories  so  built  are  raised  to  be 
quickly  thrown  down.  They  are  the  least  fit  to  survive  in  the  struggles 
of  science. 

All  carefully  observed  and  true  facts  philosophy  must  receive  and 
register  for  her  legitimate  uses.  But  if  philosophers  be  not  certain  of  the 
truth  of  facts,  and  have  not  all  that  are  requisite  for  truthful  conclusions, 
they  violate  the  fundamental  canon  of  philosophizing  :  they  necessarily 
land  in  error,  and  bring  reproach  and  ridicule  upon  philosophers  and 
philosophy.  Much  labor  and  expense  of  printing  are  wasted,  while  stu- 
dents are  misled,  science  is  obstructed,  and  it  is  made  necessary  for  the 
lovers  of  truth  in  the  next  to  correct  the  errors  of  this  generation. 

I.  The  first  subject  to  which  I  would  now  ask  your  attention  is  that  of 
Spontaneous  Generation.  Dr.  Erasmus  Darwin  had,  at  the  close  of  the 
last  century,  ascribed  to  Nature  the  power  of  spontaneous  generation  ; 
and  thus  concludes : 

"  Hence,  without  parent,  by  spontaneous  birth, 

Rise  the  first  specs  of  animated  earth ; 

From  Nature's  womb  the  plant  or  insect  swims. 

And  buds  or  breathes,  with  microscopic  limbs." 

[The  Temple  of  Nature]. 
"  Organic  life  beneath  the  shoreless  waves 

"Was  bom,  and  nurs'd  in  Ocean's  pearly  caves."— [I6id]. 

But  he  had  the  imagination  of  the  poet ;  and  his  imagination  some- 
times assumed  his  facts. 

There  is  a  present  effort  to  go  a  step  further,  and  prove  that  life  can 
be  produced  by  man  from  matter,  without  propagation  from  other  life  ; 
and  if  you  add  to  this  the  theory  of  evolution,  by  which  all  complicated 
life  is  derived  from  first  simple  forms,  we  have  two  theories,  which,  taken 
together,  will  account  for  all  life,  without  a  Creator.  There  are,  however^ 
certain  things,  Uke  perpetual  motion,  so  contrary  to  nature,  as  not  to  be 
credible.    The  fact  of  spontaneous  generation  has  not  yet  been  satisfac- 
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torily  proved ;  and,  it  is  believed  by  those  best  enabled  to  form  a  correct 
opinion,  will  never  be  proved.  The  life  produced  by  the  experimenter 
is,  no  doubt,  but  a  process  of  developing  seeds  or  spores,  or  of  hatching 
eggs,  that  exist  invisibly  in  the  atmosphere,  and  within  the  tube  used  in 
the  experiment,  and  from  which  they  had  not  been  perfectly  expelled. 
And  well  it  is  that  life  is  not,  and  cannot  be,  spontaneous,  for,  if  noxious, 
and  no  law  of  reproduction  restrained  the  increase,  there  could  then  be 
no  hope  of  its  effectual  extermination  ;  but,  if  depending  upon  parental 
production,  when  you  destroy  the  parents,  you  destroy  the  pestiferous 
succession.  This  was  the  basis  of  the  confidence  of  Pasteur  in  his  suc- 
cessful researches  and  efforts  to  find  out  and  destroy  the  parasite  that 
destroyed  the  silk-worms  in  France. 

It  is  also  the  hope  of  mankind  to  escape  contagious  diseases,  that  pro- 
ceed from  germs  that  ever  re-produce  the  same  disease,  be  it  small-pox, 
scarlet  fever,  or  cholera,  or  other  plague,  for  the  spread  of  which  the  cor- 
rupted air  becomes  the  fitting  propagating  medium. 

If  new  generation  were  possible,  there  would  result  confusion  ;  it  should 
be  bound  by  no  rule  if  not  produced  in  the  course  of  nature  ;  there  could 
never  then  be  scientific  classification  into  genera  and  species,  and  all  order 
and  harmony  would  become  impossible.  It  is  a  necessary  ordination  of 
the  Author  of  nature  that  generation  should  come  from  a  living  parent- 
age, and  that  parents  should  ever  produce  their  like.  Such  we  know  to 
be  nature's  procedure.  Such  process  must  proceed  by  law,  that  the  pro- 
geny shall  be  like  their  parents,  and  of  different  sexes,  and  such  law  and 
such  sure  observance  of  law,  imply  an  intelligent  Creator,  who  never 
ceases  to  watch  over  his  creation.  Life  has  been  on  the  earth  in  countless 
forms,  and  in  infinite  multitudes,  through  nearly  all  the  geological  forma- 
tions from  water  deposition,  and  ever  since ;  but  none  of  that  life  has 
been  thought  to  be  spontaneous,  except  in  the  imagination  of  the  poet,  or 
of  the  fanciful  theorist.  All  except  the  first  of  each  kind,  for  which  we 
infer  a  Creator,  came  by  generation,  from  parental  germs  and  ova,  as  we 
must  believe  from  observation ;  or  by  fission,  which  but  subdivides  life 
and  thereby  multiplies  it.  It  is,  however,  now  announced  in  this  age  of 
great  discoveries  that  man  can  produce  life  where  no  life  was. 

Dr.  Bastian  has  made  numerous  experiments  and  written  a  book  on 
**The  Modes  of  Origin  of  Lowest  Organisms,''  and  believes  that  he  has 
produced  them  de  novo,  "independently  of  pre-existing  living  matter." 
But  his  book  makes  necessary  admissions  that  must  go  far,  if  not  quite, 
to  destroy  his  theory.  All  the  hving  organisms  which  he  produced  had 
been  before  known  as  existing  in  the  course  of  nature,  and  had  been 
named.  They  are  called  Bacteria,  Toruloe,  Vibrones,  Leptothrix.  But 
why  were  these,  and  but  these,  produced,  unless  they  had  a  parentage 
through  germs  containing  life?  Why  not  something  new?  Certainly 
these  were  not  new  creations  of  life,  but  something  re-produced  that  had 
before  their  given  law ;  and  it  is  easier  for  the  scientific  mind  to  believe 
that  the  parental  germs  had  not  been  removed  by  the  experimenter,  than 
that  he  had  witnessed  a  new  production  of  life.     This  view  is  well  con- 
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firmed  by  this  statement  of  the  author :  ^^ Bacteria,  TorulcB,  or  other  living 
things  which  may  have  been  evolved  de  novo,  when  so  evolved,  multiply 
and  reproduce  just  as  freely  as  organisms  that  have  been  derived  from 
parents,'*  p.  3.  Now  what  living  thing  or  creature  in  all  nature  ever 
has  propagated,  or  can  propagate  its  kind,  except  it  has  inherited  that 
power  from  a  living  parent  ?  From  the  beginning  it  has  been  that  the 
grass,  or  herb,  and  fruit  tree,  "whose  seed  is  in  itself,'*  has  yielded 
** fruit  after  his  kind;"  and  the  living  creatures  have  "brought  forth 
abundantly  after  their  kind,'*  and  only  so  have  they  replenished  the  earth. 

Professor  Tyndall's  article  "Dust  and  Disease,"  is  commended  to  the 
student  who  would  learn  how  all  pervading  in  the  air  of  London  are  the 
seeds  of  life  and  of  disease.  {Fragments  of  Science,  277.) — Stating  the 
result  of  experiments,  he  says,  "The  whole  of  the  visible  particles  float- 
ing in  the  air  of  London  rooms  being  thus  proved  to  be  of  organic  origin." 
(p.  279,)  "The  air  of  our  London  rooms  is  loaded  with  this  organic  dust ; 
nor  is  the  country  air  free  from  its  presence."  (p.  285.)  And  hence,  no 
doubt,  the  ova  were  hatched  by  Dr.  Bastian,  or  the  germs  made  to  grow. 

Sir  William  Thomson  in  his  recent  address,  as  President  of  the  British 
Association,  (Nature,  August  3,  1871,)  adds  his  authority  to  that  of  the 
opponents  of  spontaneous  generation.  "Science  brings  a  vast  mass  of 
inductive  evidence  against  this  hypothesis  of  spontaneous  generation,  as 
you  have  heard  from  my  predecessor,  (Professor  Huxley,)  in  the  presiden- 
tial chair.  Careful  enough  scrutiny  has,  in  every  case,  up  to  the  present 
day,  discovered  life  as  antecedent  to  life.  Dead  matter  cannot  become 
living  without  coming  under  the  influence  of  matter  previously  alive. 
This  seems  to  me  as  sure  a  teaching  of  science  as  the  law  of  gravitation." 
*  *  *  "I  confess  to  being  deeply  impressed  by  the  evidence  put  before 
us  by  Professor  Huxley,  and  I  am  ready  to  adopt,  as  an  article  of  scien- 
tific faith,  true  through  all  space  and  all  time,  that  life  proceeds  from 
life,  and  nothing  but  life."  Yet  he,  so  true  and  wise  in  this  induction, 
did  not  close  that  same  address  without  falling  into  an  egregious  blunder, 
eliciting  instant  dissent  and  derisive  laughter,  followed  by  the  universal 
condemnation  of  the  scientific  press.  He  too  would  dispense  with  a 
Creator,  at  least,  on  this  planet,  for  he  made  the  suggestion  that  the  first 
life  came  to  our  world  by  a  falling  Aerolite,  though  it  came  fused  by  heat ! 
But  that  was  only  to  transfer  creation  to  another  planet.  This  suggestion 
of  course  committed  the  learned  President  to  the  extremes  of  the  evolu- 
tionary theory,  was  to  say  that  from  such  life  as  could  be  borne  hither  by 
an  aerolite  all  other  life  on  earth  has  come  and  been  developed  upwards 
to  man.  Of  this  theory  let  us  next  ^peak,  but  first  pausing  to  declare 
our  faith  that  life  came  only  from  God,  and  by  Him  alone  is  ever  protected 
and  preserved. 

II.  The  theory  of  evolution  as  announced,  seems  to  have  been  carried 
to  an  extravagant  extreme.  Its  agencies  are  chiefly  two  :  natural  selec- 
tion, and  sexual  selection.  The  life  that  is  best  fitted  to  endure  will  live 
the  longest ;  and  the  weakest  will  soonest  perish  ;  and  that  which  man 
takes  best  care  of  and  most  propagates  is  most  likely  to  live  in  perpetuity, 
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while  that  which  he  destroys,  because  hurtful,  is  most  likely  to  perish  ; . 
and  this  is  natural  selection,  and  to  a  limited  extent,  it  is  obvious  to  all. 
The  sexual  selection  is  that  which  the  male  or  female  makes  when  mating. 
The  latter  influence  can  have  no  place  in  the  vegetable  kingdom,  for  in 
it  there  is  no  will  to  exert  selection  ;  and  there  is  very  little  of  it,  indeed, 
below  man  in  the  animal  kingdom  ;  for  what  female  is  there  in  it,  unre- 
strained by  man  that  finds  not  her  sufficing  mate,  be  she  beautiful  or 
plain  ?  Nature  is  not  checked  in  her  purpose  of  multiplication,  when 
free,  for  want  of  masculine  co-operation,  for  it  superabounds.  The  seeds 
of  life  are  always  superabundant.  All  the  fanciful  writing  upon  this 
subject,  the  motives  for  the  mating  of  birds  and  quadrupeds,  by  the 
attractions  of  symmetry  and  beauty  of  plumage  or  color,  seem  quite  unim- 
portant :  where  all  mate  sexual  selection  effects  nothing.  The  real  check 
to  increase  comes  from  want  of  food,  severity  of  climate,  disease,  and 
enemies,  which  spare  not  symmetry  or  beauty,  and  not  from  any  failure 
to  be  selected. 

Nothing  is  more  certain,  however,  than  that  as  far  as  man  exercises 
a  dominion,  by  the  culture  of  plants  and  breeding  of  animals,  he  does 
greatly  increase  some  in  numbers  and  quality,  and  he  diminishes  others. 
He  practices  great  partially.  The  flowers  and  fruits,  and  vegetables  and 
grains  that  best  please  and  nourish  him,  he  will  most  cultivate,  and 
destroy  all  things  that  most  obstruct  their  growth.  The  birds,  fowls  and 
animals  that  are  most  useful  and  please  him  best,  he  also  breeds  and 
greatly  multiplies,  and  he  destroys  their  enemies.  The  cattle  on  a  thous- 
and hills  are  justly  for  its  use,  because  they  are  bred  and  fed  by  himself 
to  do  his  labor  and  be  his  food  ;  and  his  care  and  skill  make  it  sure  that 
they  shall  be  the  best  fltted  for  his  purposes.  And  this  is  also  called 
natural  selection ;  although  it  is  the  result  of  man's  skill  exerted  upon 
nature  and  the  laws  that  govern  nature.  Its  effect  is  great,  but  is  not 
unlimited,  and  is  subject  to  reversal  when  man  ceases  to  exert  his  care 
and  skill. 

There  is  truly  a  law  of  nature  in  propagation,  that  each  species,  and 
each  pair  of  individuals  shall  produce  a  progeny  like  themselves.  Man 
selects  the  parental  pairs  of  the  qualities  he  desires,  and  his  hopes  are 
seldom  disappointed.  He  repeats  the  process,  until  he  arrives  at  the 
highest  perfection  in  view  that  is  attainable  ;  hence  our  fleet  race  horses, 
our  strong  draught  horses  ;  and  also  our  finest  breeds  of  cattle  and  sheep, 
selected  with  a  view  to  their  qualities  for  milking,  clip  of  wool,  or  beef, 
or  mutton.  Thus  the  wild  animals  are  inestimately  improved  I  And  so 
with  these  and  other  purposes,  and  the  large  indulgence  of  a  capricious 
fancy,  have  pigeons,  poultry  and  dogs  been  improved,  or  greatly  changed 
in  their  varieties,  until  it  is  made  a  question  whether  such  variations  have 
not  been  carried  to  the  length  of  making  new  species.  The  success  of 
such  proceeding  has  been  made  the  basis  of  a  theory  so  extreme,  that  it 
at  once  threatens  to  destroy  the  classifications  of  science,  and  the  religious^ 
faiths  of  mankind. 

It  is,  indeed,  also  true,  that  the  like  inheritable  qualities  exist  in  the- 
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human  species,  and  if  men  and  women  were  as  careful  in  mating,  as  men 
are  when  breeding  their  horses,  cattle,  sheep  and  pigs,  to  consider  whether 
those  they  select  are  well  endowed  with  bodily  and  mental  perfections, 
the  physical  and  moral  qualities  of  families  might  also  be  alike  improved  ; 
though  the  unattractive  among  mankind  would  still  not  be  disappointed 
in  the  opportunity  of  mating,  if  they  have  the  means  of  livelihood  or 
the  ability  to  win  it ;  the  want  of  which  constitutes  the  most  serious  check 
to  matrimony  and  the  increase  of  population.  But  mankind  ai*e  neither 
so  careful  in  selecting  what  shall  be  the  qualities  of  the  father  or  mother 
of  their  children,  as  farmers  are  of  the  pedigree  of  their  stock  ;  hor  are 
men  or  women  so  careful  of  their  own  training  and  feeding,  and  the  preser- 
vation of  their  health  and  beauty  by  temperance  and  exercise,  so  that  they 
are  more  derelict  in  duty  to  themselves  than  to  their  animals,  and  the 
race  has  not  been  improved  as  it  should  have  been.  Yet,  it  may  well  be 
questioned  whether  the  human  race  is  improved  in  the  aggregate  by  sexual 
selection,  since  generally  men  and  women  do  marry,  and  since  the  women 
who  fail  to  marry  from  the  absence  of  personal  attraction,  are  probably 
outnumbered  by  those  whose  personal  attractions,  combined  with  their 
moral  weakness,  causes  them  to  become  the  victims  of  "  the  social  evil," 
of  which  sterility  is  one  of  the  retributions.  Yet  the  race,  is  undergoing 
a  constant  physical  and  moral  improvement ;  but  it  proceeds  from 
Christian  civilization  ;  a  civilization  that  does  believe  in  an  ever-living 
watchful  Creator,  and  that  would  suffer  terrible  relapse,  ifthat  belief  were 
lost.     This  is  said  on  the  proof  of  boundless  facts. 

If  we  consider  the  conditions  of  all  life  as  found  in  nature,  before  man 
began  to  reduce  it  to  his  dominion,  and  the  methods  of  his  procedure  and 
its  results,  just  as  the  evolutionists  have  described,  we  shall  be  able  to 
value  their  scientific  significance,  and  to  test  the  truth  of  the  theory 
raised  upon  the  narrated  facts.  Darwin  in  selecting  his  illustrations  says, 
as  to  dogs  and  their  various  breeds,  "  that  some  small  part  of  the  difference 
is  due  to  their  having  descended  from  distinct  species ;"  **In  regard  to 
sheep  and  goats  I  can  form  no  decided  opinion."  The  humped  Indian 
cattle  have  a  different  origin  from  the  European  cattle,  which  are  supposed 
**to  have  had  two  or  three  wild  progenitors."  With  respect  to  horses  he 
says,  "  I  am  doubtfully  inclined  to  believe,  in  opposition  to  several  authors, 
that  all  the  races  belong  to  the  same  species."  As  to  fowls,  **it  appears 
to  me  almost  cei-tain  that  all  are  descendants  of  the  wild  Indian  fowl." 
As  to  ducks  and  rabbits,  "the  evidence  is  clear  that  they  are  all  descended 
from  the  common  wild  duck  and  rabbit."  "Great  as  the  differences  are 
between  the  breeds  of  pigeons,  I  am  fully  convinced  that  the  common 
opinion  of  naturalists  is  correct,  namely,  that  all  are  descended  from  the 
rock  pigeons." — Darwin  on  Origin  of  Species,  p.  30  to  35.  Now  what 
is  the  import  of  this  ?  First,  that  by  nature,  or  the  Cause  of  nature,  when 
or  whei-ever  man  has  not  interfered  to  modify,  the  demarcations  of  species 
have  been  well  and  persistently  defined.  Through  all  the  geological  ages 
and  downward  to  the  time  present,  the  operations  of  natiu*e,  when  let 
alone  were  and  are  simple  and  true,  without  tendency  to  variations,  or 
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acting  under  a  power  that  ever  corrected  them.  The  wild  progenitors 
were  without  variations ;  in  that  state  new  species  were  not  formed  by 
process  of  variations ;  nor  was  there  transition  by  gradual  change  from  a 
lower  to  higher  species ;  nor  do  geology  and  history  afford  the  proof  of  such 
change,  and  the  theory  depends  upon  conjecture  asserted  against  the 
truth  of  our  observations  and  just  inferences,  that  nature  has  always 
operated  as  we  see  her  now  do  in  those  vast  domains  of  ocean,  mountain 
and  forest,  that  lie  beyond  the  interference  of  man.  With  the  living 
ife  of  the  oceans  man  can  do  nothing  except  slightly  to  diminish  the 
numbers  of  whales  and  fishes,  and  there  the  processes  of  nature  go  on 
without  change  ;  and  so  has  it  ever  been  in  the  deep  recesses  of  forest  and 
mountains  yet  unpenetrated  by  man,  or,  if  the  scientific  adventurer  has 
penetrated,  it  has  been  to  leave  no  trace  of  his  power  there.  It  has  been 
man  only  that  has  disturbed  the  truthful  proceedings  of  nature  ;  modified 
them  for  his  own  benefit. 

Again,  it  is  to  be  considered  that  all  that  man  has  done,  he  must  forever 
continue  to  do,  otherwise  nature  will  re-assert  her  dominion,  and  undo 
all  that  man  had  done  to  mar,  or  pervert,  or  perfect  her  works  ;  and  she 
will  restore  them  to  their  pristine  simplicity.  This  we  know  she  is  always 
doing,  from  abundant  observations ;  she  makes  hybrids  unfruitful ;  her 
ban  forbids  changes  that  shall  endure  ;  the  seedsman  and  gardener  ever 
-watch  their  choice  crops,  fruits,  vegetables  and  esculents,  and  must  do  so, 
for  they  know  well  that  nature  ever  resumes  the  attempt  to  "cry  back ;" 
that  is,  to  return  to  that  condition  from  which  the  skill  of  man  has  forced 
her  to  meet  his  own  wants,  or  to  please  his  fancy.  Who  can  reasonably 
doubt  that  if  man  was  to  cease  to  be  on  the  earth  that  his  seeds,  and  es- 
culents, fruits,  and  all  domesticated  animals  would  in  process  of  time, 
return  to  their  natural  conditions  ?  Human  care  and  culture  and  pro- 
visions ceasing,  the  antecedent  causes  of  nature  would  again  come  into 
exclusive  operation  ;  and  by  her  own  truthful  observance  of  cause  and 
effect,  the  ancient  condition  of  vegetable  and  animal  life  would  be  re- 
stored as  they  were  on  the  face  of  the  earth.  Without  his  stores  of  pro- 
vision and  provender  and  shelter,  a  single  severe  winter  would  cut  his 
before  housed  and  sheltered  vegetables  and  animals,  by  frost  or  stana- 
tion,  down  to  about  the  thirty-seventh  degree  of  latitude  ;  and  half  the 
variations  that  have  grown  up  under  the  training  hand  of  man  might 
perish  at  a  blow.  What  man  has  achieved  over  living  nature  may,  there- 
fore, be  considered  as  an  artificial  work  of  but  tempoi'ary  endui-ance.  Dar- 
win fully  admits  this  when  he  says,  '*  Natural  selection  is  a  power  inces- 
santly ready  for  action,  and  is  as  immeasui^bly  superior  to  man's  feeble 
efforts  as  the  works  of  nature  are  superior  to  art."  lb.  p.  70.  Wlien  let 
alone  she  elects  to  return  to  her  original  conditions. 

Of  the  variation  produced  by  selection  in  breeding  and  the  better  care 
of  animals,  Darwin  says,  "the  key  is  man's  power  of  accumulative  selec- 
tion :  Nature  gives  successive  variations ;  man  adds  them  up  in  certain 
directions  useful  to  him.  In  this  sense  he  may  be  said  to  have  made  for 
himself  useful  breeds."     Origin  of  Species,  40.     But  what  does  nature  do 
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when  man  does  not  seize  upon  the  offered  variations  to  make  them  in- 
heritable, by  bringing  together  two  of  different  sexes  with  the  like  varia- 
tions to  become  parents  of  a  common  like  progeny,  and  afterwards  pre- 
serving only  those  which  most  strongly  shew  the  desired  variation  ?  The 
variation  from  one  parent  only  would  quickly  fade  out  into  the  normal 
character.  Those  having  variations,  Darwin  says,  **  would  during  th3 
first  and  succeeding  generations  cross  with  the  ordinary  fonn,  and  then 
they  would  almost  inevitably  lose  their  abnormal  character."  lb.  53. 
Nature,  of  herself,  does  not  interpose  to  seize  upon  and  continue  the  occa- 
sionally occuring  variation.  She  does  not  select  a  mate  of  like  variation  ; 
nor  does  she  develop  it  to  a  higher  perfection  by  training  or  better  feed- 
ing, and  make  it  the  special  centre  of  a  favored  propagation.  Natural 
selection,  unaided  by  man,  must,  therefore  be  of  very  limited  influence, 
if  any,  towards  establishing  a  change,  whether  to  be  called  a  variation  or 
a  species  ;  while  the  change  that  is  wrought  by  man,  would,  without  his 
continuing  maintenance,  revert  to  its  normal  condition  much  more  rap- 
idly than  it  was  formed.  Again  variations  left  only  to  nature's  care, 
must  be  such  as  give  increase  of  strength,  otherwise  they  will  die  out 
from  weakness  as  all  monsters  do,  or  breed  out  to  the  normal  condition, 
lb.  90,  108.  The  varieties  of  pigeons  have  been  the  products  of  man's 
care  for  thousands  of  years ;  but  not  one-half  the  eggs  of  the  best  short- 
beaked  tumbler-pigeons  would  be  hatched  without  his  aid  to  break  the 
shell.  lb.  38,  90.  This  shews  them  degenerate  ;  a  pampered  and  failing 
aristocracy ;  who,  left  to  themselves,  in  a  state  of  nature,  would  quickly 
die  out. 

And  what  is  the  result  of  the  selection  of  nature  even  when  most  as- 
sisted by  man?  Has  it  produced  any  new  species ?  For  more  than  three 
thousand  years  before  Christ,  and  ever  since,  there  have  been  pigeon  fan- 
ciers who  have  taken  infinite  pains  in  their  breeding.  lb.  38.  Darwin 
says,  **the  diversity  of  the  breeds  is  something  astonishing."  **  A  score 
of  pigeons  might  be  chosen,  which,  if  shown  to  an  ornithologist,  and  he 
were  told  they  were  wild  birds,  would  certainly  be  ranked  by  him  as  well 
defined  species."  lb.  34.  Yet  are  they  such?  Darwin  says,  "the  hy- 
brids or  mongrels  from  all  the  domestic  breeds  of  pigeons  are  perfectly 
fertile.  I  can  state  this  from  my  own  observations,  purposely  made,  on 
the  most  distinct  breeeds.  Now  it  is  difficult,  perhaps  impossible,  to 
bring  forward  one  case  of  the  hybrid  offspring  of  two  animals  clearly  dis- 
tinct, being  themselves  perfectly  fertile,"  p.  37.  Now,  if  there  were  a 
possibility  for  nature  and  man  together  to  create  new  species,  it  should 
have  been  in  the  instance  of  the  long  and  general  experiment  with  pigeons. 
It  has  at  most  amounted  to  producing  varieties,  in  shape  and  exterior 
plumage  and  appearances,  while  by  the  truest  test  of  inter-breeding  the 
nature  of  the  creature  is  essentially  unchanged.  It  is  probable  that  the 
truth  is  the  same  as  to  dogs,  horses,  European  cattle  and  fowls,  except 
as  disparity  in  size  has  rendered  the  same  test  of  inter-generation  to  a 
large  extent,  impracticable.  Surely,  then,  that  law  which  the  Creator 
has  so  emphatically  imposed  upon  His  creation,  He  has  not  himself  vio- 
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lated,  in  carrying  on  all  His  living  creation  from  simple  to  higher  forms 
through  infinite  processes  of  generation.  He  who  has  forbidden  the  con- 
founding of  nearly  allied  species,  cannot  be  taken  to  have  carried  on  the 
processes  of  generation,  in  violation  of  the  ban  against  the  confusion  of 
species,  and  in  disregard  of  all  the  classifications  science  has  adopted  from 
the  study  of  creation,  only  the  better  to  describe  and  understand  that 
creation.  On  the  contrary,  it  is  to  be  taken  that  generation  has  no  part 
in  the  work  of  creation  ;  but  has  only  her  assigned  duty,  under  regulative 
laws,  to  propagate  creatures  of  the  same  species,  of  two  sexes,  to  repro- 
duce a  progeny  like  unto  themselves.  All  that  we  can  see  and  know  of 
creation  brings  us  to  such  conclusion.  To  create  is  one  thing,  and  to 
propagate  in  the  parental  likeness  another.  The  propagator  but  fulfills  an 
assigned  instinct  that  is  essentially  imperative,  except  as  man  is  self-re- 
strained by  over-ruling  moral  considerations.  His  function  is  a  very 
limited  one.  The  inception  of  new  life,  its  gestation  and  g-owth,  and  the 
measure  of  that  growth  are  the  work  of  that  Higher  Life  or  Being,  that 
is,  the  Giver  of  all  life,  as  we  must  logically  infer ;  for  every  effect  must 
have  its  adequate  Cause. 

The  great  distinctions  of  classes,  orders,  genera  and  species,  as  the 
proofs  stand  in  geology,  history,  monuments  and  living  nature,  have  ever 
remained  unchanged  and  unobliterated  ;  while  vai  i;itions  within  species, 
have  been  peimitted  for  obviously  good  uses  to  man.  The  mules  that  he 
breeds  do  him  good  service,  but  mules  are  not  permitted  to  breed  mules. 
A  theory  that  would  permit  a  varying  generation  to  thwart  this  grand 
order  of  life,  and  that  would  traverse  all  these  classes,  orders,  genera  and 
species  by  violations  of  the  ban  we  know  to  forbid  hybrids  to  breed,  we 
may  simply  set  down  as  contrary  to  nature  and  impossible,  and  such 
theory  demands  the  clearest  and  most  indubitable  proofs,  none  of  which 
have  been  adduced. 

The  theory  is  wholly  illogical  and  inherently  inconsistent  with  itself. 
The  whole  drift  of  the  theory  is  to  make  generation  build  up  all  created 
life,  with  one  or  a  few  exceptions,  without  a  Creator.  But  why  any  ex- 
ception ?  Only  that  there  shall  be  a  starting  point  in  life ;  that  there 
shall  be  an  incipient  generator  in  this  mighty  process.  But  this  earliest 
life  must  have  had  a  Creator,  and  the  capacity  to  generate  life  through  all 
kinds  must  have  come  from  a  Creator ;  yet  this  theory  demands  none,  at 
the  beginning,  or  in  any  stage  of  progression,  but  it  obviously  pro- 
ceeds upon  the  ground  that  generation  will  suffice  for  all  life,  and  that 
life  needs  no  Creator.  Yet  there  is  an  overruling  power,  without  which 
generation  could  not  proceed,  without  whom  there  would  be  no  ban 
against  confusion,  and  without  whom  the  required  difference  of  sex  would 
not  come  into  being  in  the  requisite  proportion.  The  reasonable  inference 
to  be  made  is,  that  as  a  Creator  was  required  for  the  first  life  demanded 
by  the  Darwinian  theory,  and  for  all  its  processes  of  generation,  and  the 
after  preservation  of  all  creatures  bom,  the  same  Creator  would  him- 
self create  aU  the  creatures  that  share  his  protection,  in  all  their  various 
-species,  and  do  so  as  the  world  was  prepared  for  them,  and  was  of  the 
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temperature  and  had  the  food  they  required.  The  first  creatures  had  a 
delegated  power  of  generation ;  but  nothing  in  nature  has  shown  that 
they  had  a  mission  to  carry  on  creation  to  higher  levels  either  of  physical 
structure,  or  moral  excellence,  or  of  Intellectual  power. 

The  whole  theory  is  built  upon  chance  variations  from  the  normal 
course  of  nature,  occurring  at  very  long  intervals  of  time.  It  is,  there- 
fore, presumably,  not  the  method  by  which  the  Creator  has  built  up  crea- 
tion, from  one  or  a  few  of  simplest  forms  of  life,  into  all  the  elaborate 
classification  in  which  we  now  behold  it.  Thus,  Darwin  says,  **  Natural 
selection  acts  only  by  taking  advantage  of  slight  successive  variations ; 
she  can  never  take  a  sudden  leap,  but  must  advance  by  short  and  sure, 
though  slow,  steps."  lb.  190.  "New  variations  are  very  slowly  formed, 
for  variation  is  a  slow  process,  and  natural  selection  can  do  nothing  until 
individual  differences  or  variations  occur,  and  until  a  place  in  the  natural 
polity  of  the  country  can  be  better  filled  by  some  modification  of  some 
one  or  more  of  its  inhabitants."  lb.  171.  We  have  seen  that  the  help 
that  man  can  give  to  promote  such  variations  is  very  limited,  and  that 
what  he  effects  would  soon  relapse  without  his  continuing  maintenance, 
and  remain  but  a  variety,  and  result  in  no  new  species ;  what  else  but  na- 
ture, then,  when  man  is  not  co-operating,  is  to  **take  advantage  of  the 
slight  successive  variations  ?"  And  what  does  she  do?  If  but  one  parent 
has  the  variation  it  will  very  soon  run  out  in  the  generative  process. 
This  Mr.  Darwin  readily  admits,  and  candidly  stands  corrected  by  the 
North  British  Review,  while  monster  variations  seldom  live  any  length 
of  time.  lb.  93.  Thus  the  aberrations  of  nature  are  so  few  and  far  be- 
tween, and  so  soon  to  disappear,  as  to  afford  no  adequate  ground  for  the 
change  of  any  species,  much  less  suffice  to  produce  all  the  classes,  orders, 
genera,  and  species,  into  which  science  has  arranged  all  living  things,, 
from  one  or  a  few  primary  simple  types.  Nature  is,  indeed,  slow  to  make 
enduring  changes,  but  quick  to  correct  her  errors.  If  jostled  in  her 
processes,  she  does  not  make  the  imperfect  product  the  basis  of  her 
farther  work  to  enlarge  and  perfect  her  systems  of  life,  that  all  provided 
food  should  have  its  fitting  consumers.  Nature  is  ever  truthful  and  casts 
aside  all  her  products  that  have  been  marred  upon  her  wheel,  and  uses 
most  those  which  come  most  perfect  from  her  hand,  and  thus  her  pro- 
gress is  ever  steady,  or  is  improvement  towards  her  best  standard  of  each 
created  species,  under  favoring  circumstances  ;  but  is  degradation  where 
unfavorable,  or  man  violates  the  law  of  his  well-being.  This  is  confi- 
dently said  after  such  general  survey  as  all  who  are  intelligent  may  make, 
— all  who  will  lift  up  their  eyes  and  behold  the  operations  of  all  living 
creation,  or  read  the  geological  records, — ^not  looking  too  constantly 
downward  with  limited  vision  as  wedded  to  pre-conceived  theory. 

Darwin  admits  the  dearth  of  facts  to  sustain  his  theory,  and  enters  into- 
explanations  why  they  are  not  found.  He  says :  **To  sum  up,  I  believe 
that  species  come  to  be  tolerably  well-defined  objects,  and  do  not  at  any 
one  period  present  an  inextricable  chaos  of  varying  and  intermediate 
links ;  first,  because  new  varieties  are  very  slowly  formed,  for  variation  is 
A.  P.  S.— VOL.  XII — 2l. 
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a  slow  process,  and  natural  selection  can  do  nothing  until  favorable  indi* 
vidual  differences  or  variations  occur."  lb.  171.  But  if  all  the  classes, 
orders  and  species  come  from  one  or  two  original  and  simple  forms  of 
life,  there  should  be  everywhere  and  constantly  found  intermediate  tran* 
sition  links,  at  different  stages  of  progress  towards  the  new  species,  and 
presenting  an  inextricable  chaos.  This  result  is  parried  by  the  argiunent 
that  the  process  is  so  slow  that  it  is  not  seen.  The  more  obvious  con- 
clusion would  seem  to  be  that  this  transitional  process,  or  '^  inextricable 
chaos,"  are  not  seen  because  never  happening.  And  Darwin  candidly 
states  (lb.  173),  *^  Here,  as  on  other  occasions,  I  lie  under  a  heavy  disad- 
vantage, for,  out  of  the  many  striking  cases  which  I  have  collected,  I  can 
give  only  one  or  two  instances  of  transitional  habits  and  structures  in 
closely  allied  species  of  the  same  genus,  and  diversified  habits,  either 
constant  or  occasional,  in  the  same  species.  And  it  seems  to  me  that 
nothing  less  than  a  long  list  of  such  cases  is  sufficient  to  lessen  the  diffi- 
culty in  any  particular  case  like  the  last."  The  difficulty  was  to  conceive 
how  an  insectiverous  quadruped  could  possibly  have  been  converted  into 
a  flying  bat.  But  it  should  seem  this  would  occasion  small  difficulty  to  a 
theorist  who  could  believe  that  bats  and  elephants  and  man  himseli^ 
sprang  from  an  ascidian,  a  radiate,  or  trilobite,  or  some  other  early  sim- 
pie  form  of  life.  He,  in  such  case,  becomes  too  carefully  scrupulous  for 
his  own  theory ;  and  he  further  conscientiously  says  (p.  198),  "we  have 
seen  in  this  chapter  how  cautious  we  should  be  in  concluding  that  the 
most  different  habits  of  life  could  not  graduate  into  each  other ;  that  a 
bat  for  instance,  could  not  have  been  formed  by  natural  selection  from 
an  animal  which  could  only  glide  through  the  air."  Let  us  observe  his 
wise  caution,  and  doing  so  we  must  reject  his  theory.  He  gives  no  proofs 
that  justify  his  conclusions. 

Again,  Mr.  Darwin  is  constrained  to  excuse  geology  for  affording  his 
theory  but  little  support.  Too  few  fossil  specimens  have  been  obtained ; 
too  many  creatures  have  perished  and  left  no  likeness  in  the  rocks.  He 
says,  "although  geological  research  has  undoubtedly  revealed  the  former 
•existence  of  many  links,  bringing  numerous  forms  of  life  much  closer 
together,  it  does  not  yield  the  infinitely  many  fine  gradations  between 
past  and  present  species  required  on  the  theory ;  and  this  is  the  most 
obvious  of  the  many  objections  which  may  be  urged  against  it."  lb.  415, 
But  he  does  not  adequately  answer  this  seemingly  well  founded  objec- 
tion. He  excuses  himself  by  the  paucity  of  facts.  Then  it  may  be  asked 
why  has  the  theory  been  propounded  before  adequate  facts  have  been 
gathered  ?  Philosophy  reserves  the  privilege  of  reprimanding  her  vota- 
xies  who  built  their  theories  upon  insufficient  facts ;  and  truth  compels 
her  to  censure  unsparingly.  They  are  not  permitted  to  indulge  the  am- 
bition of  theorizing  before  they  have  collected  adequate  materials  for 
their  edifice.  Darwin  has  ranged  widely  and  observantly  the  realms  of 
nature,  and  we  follow  him  interestedly ;  but  he  seems  at  fault  in  making 
his  inductions  from  the  facts  he  has  learned ;  has  built  on  an  inadequate 
foundation ;  has  made  small  things  important,  and  overlooked  the  full 
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import  of  the  great.  If  Ms  theory  irere  true,  the  facts  for  its  support 
should  exist  by  millions,  and  by  billions.  Tliafc  his  researches  have  not 
produced  the  facts  he  wanted^  malcos  tliom  tell  more  strongly  against 
him.  If  all  living  life,  and  all  that  has  been,  came  from  first  simple  forms 
by  slow  changes,  through  all  being  up  to  tlie  classeSj  orders,  genei-a  and 
■  Bpecies  that  we  find  in  existence »  and  to  have  existed  through  all  the  geo- 
logical eras,  then  intermediate  links  should  have  been  endloHSlj  abundant, 
and  if  but  a  hundredth  part  of  the  fossil  kinds  had  been  exhumed^  they 
-^should  necessarily  have  revealed  the  wanted  evidence  j  liviBg  nature  should 
also  have  abounded  in  ample  testimony,  by  endless  and  inextricable  con- 
fusion. To  reach  existing  results,  the  process  of  change  being  gi'adual, 
the  transition  creatures  should  have  teemed  in  myriad  forms,  other  than 
is  now  seen  in  fossil  or  in  life. 

But  why,  if  there  was  such  immensity  of  transition  as  to  aceount  for 
the  astounding  changes  wrought ;  why,  if  such  endless  variations  were 
•  started  in  nature  casually,  or  by  chance,  without  reason  or  motive  ;  how 
<same  nature  to  act  so  wisely  as  to  bring  order  out  of  confusion  and  chaos, 
and  on  that  order  to  take  her  stand  more  firmly  than  the  mountain  &i  ?  In 
the  transitional  steps  towards  all  the  forms  that  have  existed,  of  every 
shape  and  size  from  the  little  Rhizopod,  Ascidian,  Trilobite  or  Radiate, 
at  the  bottom  of  the  ocean,  up  to  the  whale,  mastodon  and  man^  during 
an  assumed  necessary  uinimaginable  length  of  time  ;  how  was  all  life  so 
marshaled  and  placed  as  science  now  findi^  and  arranges  it,  and  finds  it 
ever  resistant  of  all  change  ?  Intelligence  and  will,  even  then,  must  have 
governed  the  proceeding  and  guided  its  pui*i>ose  so  that  all  should  live 
and  not  work  confusion.  That  Intelligence  that  could  do  so  much  in 
ruling  nature,  and  could  create  tlie  earliest  life,  surely  could  proceed  more 
•directly  and  without  disorder,  to  create  the  kinds  and  speeies  for  whom 
that  same  Intelligence  had  pnwided  the  land,  air,  water  and  food,  upon, 
in  and  by  which  they  should  all  live,  in  congenial  habitation.  But  Darwin 
never  recognizes  that  Being  as  essential  t^  his  theory  :  -No  !  the  theory 
makes  nature  herself  a  substitute  for  God.  Her  forces  it  was,  that  from 
time  to  time  jostled  all  creatures  into  slight  variations,  and  then  she  her- 
self selected  the  best  chance-products  of  a  capriciouis  generation  and  con- 
tinued them,  and  perfected  without  intending  to  perfect  them,  and  the 
life  of  the  weak  and  monstrous  was  extinguished,  merely  because  not  fit- 
«st  to  survive.  If  nature  has  such  power  over  us  and  ours,  and  all  living, 
shall  we  not  impersonate  and  worship  her  as  our  deity  ?  Men  did  do  this, 
in  various  forms,  but  it  was  before  science  and  revelation  had  dethroned 
the  heathen  deities.  They  are  not  likely  to  be  restoi-ed  to  the  worship  of 
mankind,  and  thoughtful  meu  generally  believe  in  one  supreme  God, 

And  why  has  there  been  any  limit  to  classes,  orders,  genera  and  species? 
And  why  has  the  growth  of  each  and  all  creatures  had  their  normal  limit? 
Certainly  by  some  intelligent  Power  that  ruled  over  what  are  called  tbe 
forces  of  nature.  Why  cannot  the  naturalist  more  frequently  elevate  his 
views  to  recognize  an  Intelligent-f^^  without  whom  all  that  he  studies,  him- 
self included,  can  have  little  significance,  or  philosophy  any  worthy  or 
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consistent  foundation  ?  God's  order  is  the  source  of  all  science  and  philoso- 
phy. But  Darwin  neither  acknowledges  nor  denies  the  ruling  of  the 
Deity ;  he  invokes  not  His  aid  in  the  processes  of  nature ;  nor  yet  does  he 
deify  nature,  but  says  this  of  her  :  "It  is  difficult  to  avoid  personifying 
the  word  nature ;  but  I  mean  by  nature,  only  the  aggregate  action  and 
product  of  many  laws,  and  by  laws  the  sequence  of  events  as  ascertained 
by  us."  It  is  obvious  that  the  effect  of  the  theory  is  displacement  of  God 
from  His  works  and  from  the  mind  of  the  naturalist.  But  the  laws  of 
nature  could  not  exist  without  nature  had  a  Creator,  and  law  a  Law 
Maker.  Darwin  admits  that  the  *  ^  highest  intellects  that  have  ever  lived, ' ' 
have  believed  "there  exists  a  Creator  and  Ruler,"  but  his  theory  makes 
no  account  of  Him.     He  would  make  nature  Godless. 

While  Darwin's  theory  undertakes  to  rise  from  a  few  simple  first  forms 
of  life  to  higher  and  more  complicated,  he  denies  any  purpose  of  a  designer 
to  perfect  his  works,  or  any  general  tendency  in  nature  to  do  so.  He  says, 
"whatever  may  be  thought  of  this  view,  in  none  of  the  foregoing  cases 
do  the  facts,  as  far  as  I  can  judge,  afford  any  evidence  of  the  existence  of 
an  innate  tendency  towards  perfectibility  or  progressive  development.' 
lb.  132.  The  variations  spring  from  individuals  ;  but  from  what  cause  or 
with  what  purpose  is  not  explained.  The  mass  of  the  species  remained 
unchanged,  and  so  live  on  through  many  geological  periods.  He  says,. 
"  Geology  tells  us  that  some  of  the  lowest  forms,  as  the  infusoria  and  rizo- 
pods  have  remained  for  an  enormous  period  in  nearly  their  present  state." 
lb.  p.  123.  *  *  I  believe  that  many  lowly  organized  forms  now  exist  through- 
out the  world,  from  various  causes.  In  some  cases,  variations  or  individual 
differences  of  a  favorable  nature  may  never  have  arisen  for  natural  selec- 
tion to  act  on  and  accumulate.  In  no  case,  probably,  has  time  sufficed  for 
the  utmost  possible  amount  of  development.  In  some  few  cases  there  has- 
been  what  we  must  call  retrogression  of  organization. ' '  p.  124.  All,  there- 
fore, has  come  from  chance  individual  variations.  Thus  all  higher  life, 
man  included,  has  been  lifted  up,  by  chance-coming  variations,  generated 
in  the  lowest  and  lower  forms  of  animal  life,  without  purpose,  design,  or 
Designer :  though  the  result  is  the  exalted  being  man  I 

I  make  this  statement  with  due  care :  He  says,  as  to  the  mode  of 
transition,  "there  is  no  reason  to  doubt  that  the  swim-bladder  has  been 
converted  into  lungs,  or  an  organ  used  exclusively  for  respiration.  Accord- 
ing to  this  view  it  may  be  inferred  that  all  vertebrate  animals  with  true 
lungs  have  descended  by  ordinary  generation  from  an  ancient  and  unknown 
prototype,  which  was  furnished  with  a  floating  apparatus  or  swim-blad- 
der. ' '  lb.  183.  This  does  not  except  the  vertebrate  man.  He  insists  upon 
placing  man  in  the  order  Quadrumana ;  says,  "  If  man  had  not  been  his 
own  classifier,  he  would  never  have  thought  of  founding  a  separate  order 
for  his  own  reception."  1  Descent  of  Man,  183.  He  further  says,  "we 
will  now  look  to  man  as  he  exists ;  and  we  shall,  I  think,  be  able  partially 
to  restore  during  successive  periods,  but  not  in  due  order  of  time,  the 
structure  of  our  early  progenitors.  This  can  be  effected  by  means  of  the 
rudiments  which  man  still  retains,  by  the  characters  which  occasionally^ 
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make  their  appearance  in  him,  through  reversion,  and  by  the  aid  of  the 
principles  of  morphology  and  embryology.  The  early  progenitors  of  man 
were  no  doubt  once  covered  with  hair,  both  sexes  having  beards ;  their  ears 
were  pointed  and  capable  of  movement,  and  their  bodies  were  provided 
with  a  tail,  having  the  proper  muscles.     Their  limbs  and  bodies  were 

-  also  acted  on  by  many  muscles  which  now  only  occasionally  re-appear, 
but  are  normally  present  in  the  quadrumana."  *  *  "  The  foot,  judg- 
ing from  the  condition  of  the  great  toe  in  the  foetus,  was  then  prehensile  ; 
and  our  progenitors,  no  doubt,  were  Arboreal  in  their  habits,  frequenting 

.  some  warm  forest  clad  land.  The  males  were  provided  with  great  canine 
teeth,  which  served  them  as  formidable  weapons."  lb.  198.  "  In  a  series  of 
forms  graduating  insensibly  from  some  ape-like  creature  to  man  as  he 
now  exists,  it  would  be  impossible  to  fix  on  any  definite  point  when  the 
term  *man'  ought  to  be  used."  lb.  226.  That  is,  when  he  ceased  to 
be  monkey  and  became  man,  by  physical  transformation.  Mr.  Darwin 
has  not  attempted  to  show  us  in  geology,  in  history  or  in  life,  a  man  at 
the  point  of  transition,  or  to  imagine  or  describe  what  he  could  be,  or 
what  the  essentials  to  the  change  ;  nor  any  creature  yet  in  the  process  of 
trasformation. 

Thus,  it  is  distinctly  avowed  that  man  was  the  result  of  this  theory  of 
evolution,  and  that  his  ancestor  was  an  ape  ;  whose  ultimate  progenitor 
was  some  trivial  form  of  life  in  the  bottom  of  the  ocean.  Thus  by 
chance-begotten  variations  in  the  process  of  generation,  all  the  million 
forms  of  life,  in  all  their  infinite  distinctions,  have  been  formed. 
Thus,  through  an  instinct  which  no  creature  but  man  ever  controls 

-  or  disobeys,  aU  living  life  has  been  built  up ;  nay,  all  created  crea- 
tures were  created,  except  some  first  simple  form,  which  alone  it  has  been 
necessary  for  this  theory  to  invoke,  that  there  might  be  an  inceptive 
speck  of  life  for  the  beginning  of  a  process  of  variable  generations.  But 
who  gave  this  power  to  the  first  life  and  all  later  life  to  propagate  such 
variable  generations  ?  Who  created  the  sexes  and  the  organs  of  genera- 
tions? Who  prepared  the  germs  of  life  in  one  sex  to  be  called  into  being 
by  the  other  ?  Who  gave  the  instinctive  desire  that  starts  gestation,  and 
made  the  progeny  to  share  the  likeness  and  qualities  of  both  parents  ? 
Who  gave  the  parental  instinct  of  protection  of  offspring,  and  who  the 
requisite  intelligence  for  their  nurture  ?  It  is  left  fairly  to  be  inferred 
that  a  Creator  could  only  make  the  first  simple  form,  and  not  the  later 
higher  life  ;  or  that  life  first  came  and  worked  on  spontaneously.     How 

-could  the  creature  of  inferior  instinct  by  generation  create  that  which 
evinces  the  intelligence  of  the  bee,  the  ant,  the  beaver  and  the  elephant  ? 
The  skill  and  polity  of  the  bee,  that  made  the  ancients  ascribe  to  her  a 
spark  of  the  Divine  intelligence  ?  Mere  physical  changes  could  not  ac- 
count for  all  these,  and  yet  less  for  the  mind  of  man.  The  Intelligence 
of  instinct,  and  of  mind,  are  not  conceivably  the  product  of  matter,  spon- 
taneously or  generatively,  but  we  must  ascribe  such  endowment  to  Him 
who  could  make  the  ant  wiser  than  the  human  sluggard,  who  forfeits  his . 
imanhood  and  dignity ;  to  a  Being  infinitely  superior  in  intelligence  than 
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the  highest  intellect.  If  God  did  uot  create  all  creatures  and  endow  them 
with  the  law  of  their  being,  why  should  He  have  cared  for  them  as  we 
perceive  throughout  all  nature  ?  He  who  ascribes  nothing  to  Gk>d  does 
not  answer  the  question.  The  questions  which  our  reason  inevitably 
asks  give  him  no  trouble.  He  is  tempted  to  deify  nature  but  owns  no 
Deity. 

There  are,  indeed,  common  necessities  to  all  life,  that  would  go  further 
to  indicate  its  unity  than  the  *' rudiments"  searched  out.  AU  must  live 
upon  the  food  that  the  earth,  sea  and  air  supply.  All  must  have  power  of 
digestion  and  assimilation,  and  mostly  have  hearts,  circulations,  viscera, 
tissues,  nerves  and  brains.  The  vertebrates  have  also  flesh  and  bones. 
Now,  in  all  this,  there  is  a  greater  basis  of  brotherhood  in  all  animated 
nature,  than  in  the  few  small  matters  upon  which  the  theory  in  question  is. 
built.  That  life  in  embryo  shall  start  similarly,  is  as  much  to  be  expected 
as  that  the  digestion,  circulation,  secretions  and  excretions  should  go  on 
alike.  But  whatever  be  the  incipient  or  embryolic  resemblance,  the 
mature  development  is  always  truthful  to  the  demarcations  recognized 
by  the  classifications  of  science.  All  that  have  nerves  to  feel  are  objects 
of  kindness  ;  but  there  fraternity  ends. 

Now,  what  ^re  the  particular  things  enumerated  that  declare  our 
ancestors  to  have  been  apes?  Here  is  the  inventory  of  them  in  the 
author's  words  :  "  Some  few  persons  have  the  power  of  contracting  the 
superficial  muscles  on  their  scalps  :"  1  Descent  of  Man,  19.  "One  little 
peculiarity  in  the  external  ear:"  It  is  "a  little  blunt  point  projecting 
from  the  inwardly-folded  margin  or  helix,"  p.  21.  "The  nictitating 
membrane,  or  third  eyelid  :"  which  in  man  "exists,  as  is  admitted  by  all 
anatomists,  as  a  mere  rudiment,  called  the  semilunar  fold,"  p.  22-3.  Of 
the  sense  of  smell  in  man,  Darwin  says:  "No  doubt  he  inherits  the 
power  in  an  enfeebled,  and  so  far  rudimentary  condition,  from  some 
early  progenitor,  to  whom  it  was  highly  serviceable  and  by  whom  it  was 
continually  used,"  p.  23.  "Man  differs  conspicuously  from  all  the  other 
Primates  in  being  almost  naked :  but  a  few  short  straggling  hairs  are 
found  over  the  greater  part  of  the  body  in  the  male  sex,  and  fine  down 
on  that  of  the  female  sex."  *  *  "  There  can  be  little  doubt  that 
the  hairs  thus  scattered  over  the  body  are  the  rudiments  of  the  uniform 
hairy  coat  of  the  lower  animals."  p.  24.  And  he  says,  "  we  must  consider 
the  woolly  covering  of  the  foetus  to  be  the  rudimentary  representative  of 
the  first  permanent  coat  of  hair  in  those  mammals  which  are  born  hairy." 
p.  25.  "It  appears  as  if  the  posterior  molar  or  wisdom-teeth  were  tend- 
ing to  become  rudimentary  in  the  more  civilized  races  of  man."  p.  25. 
"  With  respect  to  the  alimentary  canal,  I  have  met  with  an  account  of  only 
a  single  rudiment,  namely  the  vermiform  appendage  of  the  ccecum."  p.. 
26.  The  foramen  near  the  lower  end  of  the  humerus  is  said  to  be  found 
in  one  per  cent,  of  modem  human  skeletons,  but  much  oftener  anciently,, 
"one  chief  cause  seems  to  be  that  ancient  races  stand  somewhat  nearer  than 
modem  races  in  the  long  line  of  descent  to  their  remote  animal-like  pro- 
genitors," p.  27-28.     "The  Os  coccyx  in  man,  though  functionless  as  a. 
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tail,  plainly  represents  this  part  in  other  vertebrate  animals."  p.  28.  "It 
is  well  known  that  in  the  males  of  all  mammals,  including  man,  rudimen- 
tary mammas  exist."  p.  80,  which  Mr.  Darwin  finds  it  "difl&cult  to  ex 
plain  on  the  belief  of  the  separate  creation  of  each  species."  Darwin 
includes  this  enumeration  by  saying,  "  The  homological  conf^truction  of 
the  whole  frame  in  the  members  of  the  same  class  is  intelligible,  if  we 
admit  their  descent  from  a  common  progenitor,  together  with  their  sub- 
sequent adaptation  to  diversified  conditions.  On  any  other  view,  the 
similarity  of  pattern  between  the  hand  of  a  man  or  monkey,  the  foot  of  a 
horse,  the  flipper  of  a  seal,  the  wing  of  a  bat,  etc.,  is  utterly  inexplicable." 
p.  31.  And  this  conclusion  may  be  admitted,  if  we  believe  creation  had 
no  Creator.  But  if  all  creatures  had  a  Creator  who  endowed  them  with 
I)Ower  to  generate  their  like,  but  forbade  them  to  generate  their  unlike^ 
the  explanation  is  clear,  and  makes  that  of  Mr.  Darwin  wholly  illogicaU 
Was  structure  so  great  ever  raised  on  so  narrow  a  foundation  !  Indeed, 
this  small  basis  for  so  tremendous  a  theory,  necessarily  brings  into  ques- 
tion the  author's  logical  powers,  and  causes  thoughtful  men  to  set  down 
much  to  personal  idiosyncracy.  / 

These  rudimentary  signs  of  man's  relationship  to  the  beast  are  of  small 
things,  indeed,  but  according  to  Darwin,  of  mighty  significance  :  but  to 
common  apprehension  of  less  account  than  the  general  functions  common 
to  mammal  life,  and  the  approximation  of  form  between  the  ape  and 
man  ;  yet,  all  considered,  leaving  one  a  beast  and  the  other  an  immortal 
being. 

Is  it  not  competent  for  the  Creator  to  employ  similar  physical  structures 
and  flections  in  animals,  and  to  give  to  all  the  benefits  of  adaptation  to 
the  food  they  are  designed  to  feed  upon,  the  situations  they  are  to  occupy, 
and  the  life  they  are  intended  to  live,  without  making  the  one  the  oftspring 
of  the  other  ?  He  who  intended  the  good  of  all,  would  give  the  good  in  all 
to  every  species,  so  far  as  adapted  to  the  welfare  of  each,  and  this  we  can 
more  logically  believe  than  that  the  man,  the  monkey,  the  horse,  the  seal, 
bat,  &c.,  have  blood  relationship  through  a  common  ancestor.  It  is  not 
a  welcome  belief  that  whether  we  eat  "fish,  flesh  or  fowl,"  we  are  perpe- 
trating a  kind  of  cannibalism,  by  feeding  on  distant  relatives,  though  the 
degree  of  relationship  cannot  be  traced,  even  with  the  help  of  Mr.  Dai-win. 

And  can  science  dispense  with  a  Creator  ?  The  votaries  of  science  may 
grope  through  special  investigations  until  they  cease  to  see  God  in  His 
works.  But  just  so  far  as  they  cease  to  see  God  as  the  author  of  Nature, 
they  seem  to  cease  to  understand  the  logic  of  creation,  in  its  pervasive 
features,  wisdom  and  magnificence.  Yet  this  theory  of  a  generated 
creation,  if  it  could  be  believed  to  be  true  or  logical,  must  still  be  taken  to 
rest  upon  a  Creator  and  an  upholder  of  all  nature,  and  of  the  Universe,  while 
it  will  not  own  Him  as  Author  of  all  kinds  of  life.  But  life  could  not  be, 
nor  generation,  nor  birth,  nor  growth  without  His  instant  sustentation. 
And  shall  He  not  create  His  creation  with  all  the  distinctions  of  class, 
order,  genera  and  species  as  we  behold  it  ?  He  must  have  created  this 
earth,  the  sun  that  warms  it,  the  air,  water  and  food  by  which  all  life 
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must  live  ;  and  He  must  have  adapted  all  life  to  these  conditions  of  nature 
in  which  it  is  placed.  He  who  would  deny  the  Creator  in  any  part  of  His 
works  must  be  prepared  to  do  so  as  to  the  whole.  Whatever  be  the  pur- 
pose of  the  theory  its  tendency  is  to  teach  men  not  to  believe  in  God  or 
their  own  souls. 

The  reader  will,  if  he  yield  his  belief  in  any  degree,  reason  thus,  and 
say,  if  I  sprang  from  an  almost  senseless  piece  of  pristine  life  ;  if  after 
my  ancestoi's  had  arrived  to  the  stage  of  evolution  next  preceding  man, 
they  were  no  more  than  monkeys ;  then,  as  I  believe,  these  had  n6  im- 
moi-tal  souls  so  have  I  not  an  immortal  soul :  If  I  only  differ  from  them 
by  reason  of  a  more  perfect  physical  development,  that  of  itself  could 
^ve  me  no  claim  to  an  immortal  soul.  If  I  sprang  from  the  beast  I  must 
die  the  death  of  the  beast !  And  this  idea  would  be  strengthened  by  the 
supposed  possibility  of  a  reversal  of  the  process  of  evolution,  under  the 
suspicion  of  which  I  would  be  brought ;  for  Darwin  admits  that  although 
the  ancestral  rudiments  have  become  wholly  suppressed  for  want  of  use, 
^' they  are  nevertheless  liable  to  occasional  reappearance  through  rever- 
sion ;  and  this  is  a  circumstance  well  worthy  of  attention.'*  lb.  18.  So, 
indeed,  it  appears  if  man  be  not  yet  sure  of  remaining  man  ;  if  he  may 
relapse  to  the  ape,  or  become  a  new  variety  and  be  on  the  road  to  become 
a  new  species,  let  those  look  to  the  possible  consequences  who  have  an 
exti*a  finger  or  toe,  or  whose  canines  or  last  molars,  or  slightly  pointed 
ears,  show  kindred  with  the  ape  or  donkey.  If  their  descendants  should 
cease  to  be  man,  can  they  in  law  inherit  a  man's  estate?  If  there  was 
such  a  transition  upwards  there  may  as  likely  be  downwards.  Who  can 
tell  what  may  be  the  freaks  of  nature,  if  nature  be  not  in  the  keeping  of 
Ood? 

Mr.  Darwin,  writing  in  support  of  his  theory  does  not  show  the  facts 
that  oppose  that  theory.  He  does  not  show  the  great  differences 
that  exist  between  the  species  that  he  would  approximate.  This  is  so 
both  when  speaking  of  the  physical  structure  and  the  mental  powers. 
When  he  passes  to  the  admitted  great  mental  and  moral  disparity  between 
even  the  savage  man  and  the  most  intelligent  of  the  inferior  animals,  he 
advocates  the  cause  of  the  latter,  by  stating  what  they  do  with  their  dele- 
gated power  of  instinct,  and  that  they  also  exhibit  instances  of  a  glim- 
mering reason.  He,  however,  makes  no  near  approximation,  and  admits 
the  difference  to  be  enormous  though  the  comparison  be  made  with  the 
lowest  savage.  1  lb.  33,  67.  The  theory  is  really  based  but  upon  the 
physical  structure,  otherwise  the  ape  would  not  have  been  selected  as  the 
progenitor  of  man,  but  rather  the  bee  or  ant,  the  beaver,  dog  or  elephant, 
who  are  far  more  sagacious  than  the  monkey. 

What  do  we  now  behold  over  the  face  of  the  earth  ?  Everywhere  there 
yet  abound  the  animals  through  which  man  is  imagined  to  have  descended, 
without  having  suffered  variation  or  change,  though  exposed  to  the  like 
causes  supposed  to  have  wrought  their  fellows  into  man  ;  and  everywhere 
men,  savage  or  civilized,  have  been  dispersed  over  the  earth,  and  have  so 
been  without  any  evidence  of  material  physical  change,  throughout  all 
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the  ages  of  their  existence.  Surely,  to  do  away  with  this  great  fact,  and 
the  further  fact  that  all  is  now  proceeding  as  it  did  from  the  dawn  of 
history,  writtem  or  monumental,  we  must,  in  the  absence  of  all  other  facts, 
except  speculative  inferences  from  very  small  things,  called  rudiments, 
conclude  that  God  made  man  in  the  image  he  now  bears,  physical  and 
mental,  except  as  man  has  educated  himself,  as  no  other  creature  was 
ever  endowed  with  the  capacity  of  doing.  The  great  lines  of  demarcation 
between  the  animal  that  has  always  followed  only  his  assigned  instinct, 
and  the  higher  being  that  has  always  had  power  to  invent  and  make  the 
forces  of  nature,  and  all  other  animals  subservient  to  his  uses, — ^to  invent 
language,  writing,   printing,  and  to  indefinitely  accumulate  knowledge 

-  and  perfect  his  own  character, — ^have  always  existed  over  the  earth,  side 
by  side,  utterly  incapable  of  fusion,  and  in  extreme  contrast,  in  their 
most  marked  characteristics.  When  we  study  by  the  microscope  we  are 
not  to  disregard  the  great  things  beheld  by  the  unaided  vision.  If  we 
see  the  mote,  we  must  see  the  beam  also. 

So  far  I  have  but  quoted  from  Darwin  in  relation  to  the  theory  of  evolu- 
tion. His  simplicity  and  candor  made  it  easy  to  answer  him  by  his  own 
books.  A  writer  in  the  British  Quaiterly,  for  October,  1871,  appears  to 
have  been  assisted  by  microscopic  observations,  and  says  :  "Almost  every 
tissue  of  the  newt,  frog,  toad,  and  green  tree-frog,  has  individual  char- 
acteristics of  its  own,  which  could  be  distinguished  by  one  who  was 
thoroughly  familiar  with  the  microscopic  characters  of  the  texture." 
**The  nerve  fibres  in  every  part  of  the  body  of  the  newt,  differ  in  many 
minute  particulars  from  those  of  the  frog."  "In  these  animals  not  only 
do  corresponding  tissues  exhibit  peculiarities,  but  entire  organs  are 
totally  different."  And  he  points  out  the  differences.  "Again,  if  we 
take  the  skin  of  the  four  animals  mentioned  above,  although  it  will  be 
seen  that  there  is  a  certain  general  agreement  in  structure  to  be  recog- 
nized, there  is  not  a  texture  of  the  skin  that  is  alike  in  them  all,"  and  the 
differences  are  pointed  out,  with  the  assertion  that  "these  seem  to  increase 
in  number  the  more  thoroughly  and  the  more  minutely  the  tissues  are  ex- 
plored." P.  248-9.  If  this  closer  test  shall  continue  to  be  applied,  it  prob- 
ably may  yet  be  believed  that  "All  flesh  is  not  the  same  flesh  ;  but  there 
if  one  kind  of  flesh  of  men,  another  flesh  of  beasts,  another  of  fishes,  and 
another  of  birds,"  and  that  men  may  safely  eat  all  the  others. 

Professor  Wy ville  Thomson,  in  a  late  lecture  in  the  University  of  Edin- 
burgh, said  :  "During  the  whole  period  of  recorded  human  observation, 
not  one  single  instance  of  the  change  of  one  species  into  another  has 
been  detected,  and,  singular  to  say,  in  successive  geological  formations, 
although  new  species  are  constantly  appearing,  and  there  is  abundant 
evidence  of  progressive  change,  no  single  case  has  as  yet  been  observed 
of  one  species  passing  through  a  series  of  inappreciable  modifications  into 
another."    "Nature,"  November,  9th,  1871. 

And  here  I  would  ask  to  read  the  forcible  statement  of  our  Secretary, 
Mr.  Lesley,  who  adds  his  authority  and  force  of  logic  to  that  of  many 

•eminent  naturalists,  and,  I  believe,  nearly  all  the  members  of  this  Society 
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against  the  Darwinian  theory  :  "If  there  has  been  a  Darwinian  develop- - 
ment  of  animal  life  upon  the  planet,  then  it  looks  as  if  it  had  been  car- 
ried out  along  four  lines  rather  than  one.  Four  stand-points  of  creative 
energy  must  have  been  assumed ;  four  stai*tings  out  of  life  must  be  ac- 
counted for ;  four  mysteries,  four  miracles,  four  beginnings  of  creation, 
to  be  developed  instead  of  one  I  But  where  all  is  mystery  and  miracle, 
additions  are  hardly  noticeable.  It  becomes  Mr.  Darwin's  business,  then, 
not  only  to  suggest  some  plausible,  rational  mode  by  which  one  species 
could  gradually  or  suddenly  pass  the  short  interval  which  separates  it 
from  another ;  his  explanation  must  suffice  to  bridge  the  awful  chasms 
which  have  always  kept  these  four  great  plans  of  structure  separate, 
along  the  lines  of  their  development.  He  must  show  us  how  an  animal 
of  radial  growth  could  be  developed  into  one  of  linear  growth.  Nay,  he 
must  fill  up  the  immense  interval  between  the  plant  and  the  animal ;  and, 
finally,  the  chasm  between  the  atom  of  carbon  or  hydrogen,  and  the  nu- 
cleated cell  of  albumen  or  fibrin.  He  must  explain  the  genius  of  life 
itself,  before  he  can  make  his  law  of  natural  selection  stand  for  anything 
mora  than  a  beautifully  worded  description  of  the  ills  that  all  flesh  falls 
heir  to  when  it  is  born  upon  this  planet.  How  it  is  bom  upon  the  planet 
is  another  matter,  and  remains  unexplained  by  his  hypothesis.  We  da 
not  get  rid  of  miracles  by  chasing  them  back  along  the  ages  to  the  start- 
ing point,  and  concentrating  them  there.  A  line  of  battle  is  not  neces- 
sarily vanquished  and  annihilated  when  it  is  rolled  up  by  an  attack  upon 
its  flank,  when  there  is  a  reserved  force  at  the  other  end.*'  "Man's 
Origin  and  Destiny,"  p.  78. 

There  is,  however,  one  sufficing  explanation  of  the  mystery  and  miracle 
of  life — it  is  this :  that  there  is  a  God,  and  that  man  has  an  immortal 
soul ;  that  this  life  is  but  the  beginning  of  an  endless  being.  The  good 
fruits  of  this  faith  is  an  argument  of  its  tnith ;  and  man  has  consciously 
the  sense  within  him  that  the  life  eternal  awaits  him ;  and  he  already^ 
here  communes  with  Deity.  Such  a  life  and  such  a  soul  must  have  had . 
a  Creator  infinitely  superior  to  the  being  created. 

It  is  a  decisive  objection  to  the  theory  of  Darwin  that  it  takes  account 
only  of  physical  structure,  while  the  greater  disparity  between  man  and 
all  other  animate  creatm*es  consists  in  his  high  moral,  intellectual,  and 
religious  nature.  Lyell  cites,  to  sanction  Quatrefages  in  saying,  "that 
man  must  form  a  kingdom  by  himself,  if  once  we  permit  his  moral  and 
intellectual  endowments  to  have  their  due  weight  in  classification." 
"Antiquity  of  Man,"  p.  495.  "It  is  by  something  completely  foreign  to 
the  mere  animal,  and  belonging  exclusively  to  man,  that  we  must  estab- 
lish a  separate  kingdom  for  him,"  p.  494.  Lyell  also  quotes  to  adopt  the 
Archbishop  of  Canterbury,  Dr.  Sumner,  in  saying,  that  the  comparison 
should  not  be  taken  from  the  upright  form,  nor  even  from  the  vague 
term  reason,"  "but  from  that  power  of  progressive  and  improvable  rea- 
son which  is  man's  peculiar  endowment. "  "  Animals  are  bom  what  they 
are  intended  to  remain.  Nature  has  bestowed  upon  them  a  certain  rank,  and 
limited  the  extent  of  their  capacity  by  an  impassable  decree.    Man,  she 
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has  empowered  and  obliged  to  become  the  artificer  of  his  own  rank  in 
the  scale  of  beings  by  the  improvable  gift  of  improvable  reason." — lb. 
496-7.  And  Lyell  himself  says,  p.  498,  **We  cannot  imagine  this  world 
to  be  a  place  of  trial  and  discipline  for  any  of  the  inferior  animals,  nor 
can  any  of  them  derive  comfort  and  happiness  from  faith  in  a  hereafter. 
To  man  alone  is  given  this  belief,  so  consonant  to  his  reason,  and  so  con- 
genial to  the  religious  sentiments  implanted  by  nature  in  his  soul ;  a 
doctrine  which  tends  to  raise  him  morally  and  intellectually  in  the  scale 
of  being,  and  the  fruits  of  which  are,  therefore,  most  opposite  in  character^ 
to  those  which  grow  out  of  error  and  delusion." 

The  tendencies  of  the  Authors  now  reviewed  is  the  most  unfriendly  to 
that  religious  faith  on  which  human  welfare  essentially  depends ;  yet 
it  is  believed  that  good  will  result  from  the  divulgence  of  their  theories  ; 
but  it  will  be  because  of  their  failure  ;  because  they  will  have  compelled 
men  to  re-examine  their  faith  upon  the  platform  of  Science,  and  thereby 
confirm  their  religion  received  by  revelation.  They  will  find  in  all  truth 
an  accord  showing  its  source  one ;  and  in  the  constancy  of  nature  the 
truthfulness  of  God.  They  will  find  that  He  who  created  ever  rules  His 
creation  and  compels  it  to  obey  His  ordination.  They  will  find  that 
only  man  was  made  in  likeness  unto  God,  and  that  he  was  made  to  have 
dominion  over  all  other  living  creatures.  They  will  perceive  that  Science 
can  erect  no  barrier  between  man  and  his  immortal  hopes ;  that  the  being 
of  an  immortal  soul  stands  elevated  above  all  other  animated  beings  by  a 
distinction  that  makes  him  but"  "a  little  lower  than  the  angels,"  and  a 
child  of  his  "  Father  in  Heaven  " ;  a  Father  who  condescends  to  commune 
with  and  be  known  of  His  children. 


Stated  Meeting^  January  19, 1872. 

Present  20  members. 

Vice-President  Mr.  Fraley  in  the  chair. 

A  letter  of  acknowledgment  for  Transactions  XIV.  1.  and 
Proceedings,  84,  85,  was  received  from  the  Bureau  des  Lon- 
gitudes, dated  Observatoire  Rationale  de  Paris,  Dec.  1871. 

Donations  for  the  Library  were  received  from  the  Observa- 
tories and  Royal  Academy  at  Turin,  Signor  Denza,  the  Eevue 
Politique,  and  M.  A.  P.  Hovelaque,  of  Paris,  the  London  Na- 
ture, Dr.  Freeke,  of  Dublin,  the  Montreal  Natural  History 
Society,  the  editors  of  Old  and  New,  and  the  American  Chem- 
ist, the  College  of  Pharmacy,  Franklin  Institute  and  Acad-^ 
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^my  of  Natural  Sciences  of  Philadelphia,  the  editors  of  the 
Medical  Journal,  News  and  Library,  and  Penn  Monthly,  Mr. 
Eli  K.  Price,  the  Secretary  of  the  U.  S.  Treasury,  the  De- 
partment of  the  Interior,  the  Engineer  Department,  and  the 
Librarian  of  Congress. 

Mr.  B.  S.  Lyman  offered  for  publication,  in  the  Transac- 
tions, a  map  of  the  Punjaub  Oil  region,  with  explanatory 
text.  On  motion,  this  paper  was  referred  to  a  committee,  con- 
sisting of  Dr.  Genth,  Mr.  Lesley  and  Dr.  Horn. 

Mr.  Cope  communicated  the  following  paper  on  a  new 
Testudinate  from  the  chalk  of  Kansas. 

On  a  new  Testudinate  from  the  Chalk  of  Kansas, 

By  E.  D.  Cope. 

{Bead  before  the  American  Philosophical  Society,  Jan.  19,  1872.) 

Associated  with  the  remains  of  Clidastes,  and  other  saurians,  and  at  a 
distance  of  two  or  three  hundred  yards  from  the  locality  of  the  fossil 
Protostega  gigas,  were  found  some  vertebrae  of  a  Testudinate  reptile, 
which  approaches  the  type  of  Trionyx  and  Ghelydra,  It  differs  so 
strikingly  from  both,  and  from  all  others  yet  known,  as  to  require  no- 
tice, and  as  the  parts  preserved  (caudal  vertebrae)  are  those  most  likely 
to  recur  in  a  well-preserved  state  in  strata  of  this  age,  I  propose  to 
establish  a  species  and  genus  on  them,  to  aid  in  the  future  identification 
of  both  strata  and  animal  type. 

The  vertebrae  have  elongate  centra  concave  below,  and  have  weU-de- 
veloped  diapophyses.  A  more  anterior  has  transversely  oval  articular 
extremities ;  in  another  they  are  much  less  depressed.  The  former  is 
the  more  anterior,  being  known  as  such  by  its  larger  diapophyses  and 
much  smaller  articular  surfaces  for  chevron  bones ;  it  appears  probable, 
indeed,  that  this  one  has  been  without  these  appendages.  It  is,  there- 
fore, from  the  anterior  part  of  the  series,  from  no  great  distance  behind 
the  sacrum.  Its  position  being  thus  determined,  it  may  be  described  in 
detail  as  follows : 

As  observed,  the  centrum  is  elongate  and  depressed.  The  inferior 
surface  at  the  cup  is  flat,  but  is  arched  upwards,  descending  again  to  the 
rim  of  the  ball.  The  posterior  two-thirds  hs^s  a  median  groove,  which 
1;erminates  in  a  deep  notch  of  the  ball,  which  involves  one-third  of  its 
vertical  diameter,  and  widens  backwards.  The  ball  is  transverse  oval, 
And  only  moderately  convex;  near  its  upper  margin  a  small  deep  pit 
interrupts  its  surface,  having  the  appearance  of  an  unusually  large  liga- 
mentous insertion ;  its  border  slightly  excavates  the  margin  of  the  ball. 
The  cup  is  a  transverse  oval,  wider  below.  Its  inferior  and  superior 
margins  are  so  deeply  (but  openly)  emarginate,  as  to  reduce  the  concav- 
ity in  the  vertical  direction  very  much.     From  the  superior  emargina- 
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tion,  a  deep  groove  descends  to  below  the  middle,  probably  for  ligament- 
ous insertion.  The  neural  canal  is  subtrilateral.  The  neural  arch  is 
as  usual  in  this  group  deeply  emarginate  in  front,  and  much  prolonged 
behind.  The  zygapophyses  project  beyond  the  ball,  and  the  arch  is  con- 
tracted in  front  of  them.  Its  upper  surface  has  neither  process  nor  keel, 
but  is  rugose  for  ligamentous  and  muscular  insertion.  The  diapophyses 
have  a  wide  base,  and  are  subcylindric. 

The  surface  is  delicately  reticulate  rugose,  coarsely  rugose  on  the  external 
faces  of  the  zygapophyses.  There  are  several  small  pneumatic  foramina, 
the  largest  being  in  the  bottom  of  the  groove  of  the  lower  face. 

Another  vertebra  differs  in  being  rather  more  slender,  arid  in  having 
an  obtuse  keel  of  the  neural  arch.  The  pit  of  the  ball  is  wanting,  and 
the  inferior  emargination.  The  chevron  articulations  are  larger,  and 
the  groove  of  the  cup  occupies  the  middle,  instead  of  the  upper  half  of 
the  cup. 

Measurements.  M. 

Length  of  centrum  (greatest) 0.27 

Elevation  top  neural  arch  above  floor  neural  canal 013 

Length  of  arch  on  median  line  above 02 

Width        "      in  front  of  posterior  zygapophyses 012 

A  metacarpal  or  metatarsal-bone,  was  found  near  though  not  with  the- 
yertebrse,  and  probably  belongs  to  the  same  animal.  If  metatarsal,  it  is 
much  stouter  than  in  Trionyx^  but  is  more  likely  to  be  metacarpal.  It  i» 
about  as  long  as  the  vertebrae,  centrum  and  arch  together.  The  proximal 
end  is  transversely  truncate,  compressed  L-shaped ;  the  shaft  compressed 
sub-quadrate,  the  articular  extremely  hour-glass  shaped,  with  an  inferior 
projection  for  the  insertion  of  a  flexor  ligament.  Length,  M.  .034 ;  prox- 
imal diameter,  .013. 

These  vertebrae  indicate  a  genus  with  elongate  tail  like  that  of  Ghelydra 
or  probably  longer ;  but  they  differ  from  those  in  that  genus,  by  their 
procoelian  character.  An  approach  to  the  incised  margins  is  to  be  found 
in  Trionyx  ;  but  in  those  of  that  genus,  where  this  character  appears,  the 
diapophyses  are  largely  developed.  The  genus  is  evidently  quite  distinct 
from  anything  known,  and  we  await  further  remains  with  interest.  The- 
species  is  much  smaller  than  the  Protostega  gigas,  and  about  equal  to  the 
Mississippi  MacrocTielys, 

It  may  be  called  Cynocercus  incisus.  The  remains  on  which  it 
is  established  were  found  by  Sergeant  Wm.  Gardner,  of  my  geological 
expedition  in  Kansas,  in  the  yellow  chalk  near  to  Butte's  Creek,  south  of 
Fort  Wallace. 

The  discovery  of  this  species  and  of  the  Protostega  constitutes  the  first 
indication  of  the  existence  of  Testudinata  in  the  cretaceous  formation 
of  Kansas.     The  author  originally  pointed  out  the  existence  in  it  or 
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Bauroptergia  and  PytTionomarpha,  and  during  the  expedition  just  men- 
tioned, obtained  portions  of  pterodaetyles  and  of  a  crocodilian  of  the  genus 
SpposauruB.  The  latter  order  has  not  been  previously  known  from  that 
region,  and  their  remains  are  not  common.  Prof.  Marsh's  exploration  in 
the  Cretaceous  of  Kansas  added  Pterosauria,  but  he  has  not  reported  any 
Crocodilian  as  I  once  thought,  and  incorrectly  stated.  (Proc.  Am.  Phil. 
«8oc.  1871,  p.  174.)  The  crocodile  may  be  called  Hyposaurus  vehbianus  in 
recollection  of  Dr.  Wm.  E.  Webb,  of  Topeka ;  it  is  similar  in  size  to  the 
H.  rogersii  of  New  Jersey. 

An  anterior  cervical  vertebra  presents  the  following  characteristics  .*  It 
is  that  one  in  which  the  parapophysis  occupies  a  position  opposite  the 
lower  third  of  the  vertical  diameter.  In  it  the  centrum  is  stout  in  form, 
the  articular  faces  but  little  concave,  the  posterior  a  little  more  so  than 
the  anterior.  The  anterior  is  almost  regularly  hexagonal,  the  posterior 
sub-round,  a  little  deeper  than  wide.  The  inferior  surface  possesses  a 
strong  obtuse  median  carina,  which  disappears  in  front  of  the  posterior 
margin.  Anteriorly  it  terminates  in  a  short  obtuse  hypapophysis.  The 
■suture  of  the  neural  arch  is  very  coarse.    Surface  of  the  bone  smooth. 

M. 

Length  of  centrum 037 

Diameter,        "        anteriorly,  vertical 087 

"  **  "  horizontal 031 

'  **  "       posteriorly,  vertically 032 

"  •*  "  horizontally 081 

Length  of  surface  of  parapophysis 015 

As  compared  with  the  H.  rogersii  of  the  New  Jersey  Cretaceous,  this 
irertebra  is  shorter  and  stouter,  and  the  extremities  less  concave;  the 
«uture  for  the  neural  spine  is  much  coarser. 

This  crocodile  was  discovered  in  a  bluish  stratum,  belonging  to  the 
Benton  group,  or  No.  20  of  Meek  and  Hayden,  encountered  in  digging  a 
well  in  Brook ville,  Kansas.*  This  point  is  considerably  east  of  the  ex- 
posure of  cretaceous  rocks  seen  near  forts  Hayes  and  Wallace.  It  is 
interesting  as  the  first  of  the  Crocodilia  found  between  the  Tertiaries  of 
the  Rocky  Mountains  and  the  Cretaceous  of  New  Jersey. 

It  was  given  me  by  my  friend  Dr.  Wm.  E.  B.  Webb,  of  Topeka,  to 
whom  science  is  also  indebted  for  the  polycotylus  latipinnis,  1  have 
dedicated  the  species  to  him. 

Dr.  Henry  Hartshorne  read  the  following  paper  on  Or- 
ganic Physics. 

*  This  stratum  U  similar  to  that  in  which  Dr.  Harden  found  the  llsh  Aptopelix  sauriformit, 
«t  Banker  Hill. 


Digitized  by 


Google 


U72.]; 


311 


[Hartshome. 


ON  ORGANIC  PHYSICS. 
By  Henry  Habtbhobne,  M.  D. 

{Bead  before  the  American  Philosophical  Society,  Jan.  19,  1872.) 

In  the  title  chosen  for  this  paper,  there  may  appear  to  be  something 
■anomalous  or  contradictory  :  organic  science  and  physical  science  being 
■commonly  regarded  as  almost  incommunicable  departments.  But  as  we 
have  long  had,  already,  organic  chemistry  and  animal  mechanics,  the  ten- 
'  dencies  of  opinion,  and  to  some  extent  the  clearly  rational  interpretation 
of  facts,  now  favor  the  re-inclusion  of  organic  natural  science  under  the 
wide  term  physics,  from  which  it  became  long  ago  separated  upon 
grounds  of  theory,  and  as  it  may  still  continue  to  be,  for  the  classifica- 
tions of  convenience. 

The  proneness  for  unification,  so  natui*al  to  human  intelligence,  being 
methodically  sanctioned  under  what  is  called  the  "law  of  parsimony," 
the  question  from  period  to  period  in  all  fields  of  thought  is,  how  far  can 
we  legitimately  get  in  our  simplifications  and  unifications  ?  Provisionally, 
at  least,  we  must  mark  our  steps ;  as,  what  is  done  in  these  unifications 
of  science  is  to  aim  at  the  "reduction  of  our  complex  symbols  of  thought 
to  the  simplest  possible  "  appropriate  "  symbols."  When  the  alchemists 
thought  that  they  might  transmute  or  reduce  all  elements  to  one,  they 
•  <iid  not  succeed.  There  are  now  some  theorists  who  would  reduce  all  our 
ideas  of  law,  order,  and  causation  in  nature  to  the  one  idea  of  continuity, 
1  believe  that  they  will  not  succeed,  in  the  end,  better  than  the  alchemists. 
This  endeavor  is,  just  now,  being  made  especially  in  the  region  of  life  ; 
and  while,  as  already  said,  there  is  enough  to  sustain  fully  the  proper 
inclusion  of  vital  phenomena  along  with  the  other  phenomena  of  nature 
as  physical,  I  hold  that  there  is  not  enough  to  establish  this  identity  or 
immediate  continuity,  in  the  sense  in  which  it  has  been  asserted  by  some 
biologists.  Let  us  address  ourselves  for  a  few  moments  to  the  elements 
of  this  question  in  its  recent  aspects. 

First :  What  do  we  mean  by  life  ?  What  is  it  that  we  are  to  regard  as 
differentiated  from,  or  identified  with,  the  other  physical  forces  of  nature  ? 
We  may  drop  out  at  once  the  old  idea,  that  all  actions  of  a  living  body, 
such  as  digestion,  circulation,  aeration,  and  the  rest  of  the  special  func- 
tions, are  properly  called  vital ;  or  that  these  need  to  have  any  peculiar 
or  specific  force,  or  phase  of  force,  to  explain  them.  Digestion  is  chemi- 
cal ;  circulation,  mechanical,  and  so  on.  By  proper  exclusion,  then,  we 
come  down  to  this :  that  only  one  (perhaps  a  two-fold)  process  is  truly 
vital,  in  the  sense  that  its  facts  come  under  the  category  of  no  other  force 
of  nature,  under  no  other  name  hitherto  known  to  science,  but  that  of 
life.  And  this  process  is  assimilation,  with  type-formation  or  definite 
organization  as  its  result :  the  segregation  of  matter  in  a  peculiar  mo- 
lecular state,  whence  comes  its  assumption  of  peculiar  though  rapidly 
changing  forms ;  the  chemical  instability  of  the  matter  being  in  direct 
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correspondence  with  the  mutability  of  its  forms.  Life  is  then  a  change, 
a  molecular  motion ;  and  it  needs  a  name  for  itself  as  distinctly  as  heat 
motion,  electrical,  or  any  other  kind  of  movement.  But,  is  it  the  direct 
resultant  of  those  other  movements  ?  Is  organic  evolution  simply  in  the 
line  or  plane  of  the  composition  of  the  cosmic  forces,  gravitation,  heat, 
light,  electricity,  magnetism,  chemism,  so  as  to  be  the  mere  outcome  of 
these  ?  I  would  say,  no.  And  this  is  a  very  different  thing  from  deny- 
ing the  correlation  of  the  vital  and  physical  forces.  They  are  clearly 
correlative  ;  but  correlation  is  not  indentity.  And  the  question  is  a  deep 
one,  what  their  exact  relation  is  ;  it  is  now  one  of  the  cardinal  questions 
in  science.  Because  of  the  wide  variety  of  its  bearings,  let  us  regard 
their  most  general  aspect  first. 

Grant,  as  a  postulate,  the  *'  conservation  of  force."  Then  there  follows  : 
1st,  as  its  corollary,  that  not  only  is  the  total  of  force  in  the  universe 
never  diminished,  but,  conversely,  this  totality  is  never,  by  physical 
causation,  increased.  As  apparent  exhaustion  of  force  is  only  its  trans- 
mutation, so  apparent  increase  of  it  must  also  be  only  transmutation  of  it. 

2d.  No  change^  in  the  nature  or  direction  of  any  force,  can,  in  accord- 
ance with  the  second  law  of  motion,  be  either  uncaused  or  self-caused, 
that  is  caused  by  the  force  itself.  Every  such  change  must  have  a  special, 
sufficient  cause.  When,  then,  the  laws  and  tendencies  of  gravitative, 
electric,  magnetic,  chemical  and  heat  and  light  forces  are  known,  and 
are  found  to  promote,  by  preference  in  all  instances,  the  formation  of 
compounds  of  stable  equilibrium,  by  the  union  of  carbon,  hydrogen, 
oxygen,  sulphur,  and  phosphorus,  etc.,  we  must  expect  this  to  be  uni- 
formly the  result  of  their  direct  action.  And,  therefore,  when  we  find 
conspicuously  unstable  compounds  to  be  formed  of  those  same  elements, 
although  in  the  presence  of  the  same  general  forces,  we  ought  to  conclude 
the  formation  of  such  compounds  to  be  the  result  of  another  definitely 
acting  force.  When  the  force  x  has  been  proved  always  to  act  in  the 
line  A  B,  and  the  force  y  to  act  in  the  line  C  D,  we  must  be  sure  that  a 
force  acting  in  the  reverse  line  B  A,  or  D  C,  or  in  any  line  intermediate 
between  B  A  and  D  C,  cannot  be  either  the  force  x  or  the  force  y,  or 
a  force  resulting  from  the  composition  of  X  and  Y,  but  must  be  another 
force,  say  z.  Assuming  the  existence  of  g,  we  may  then  eMeavor  to  ascer- 
tain its  relations  to  the  other  forces ;  and  we  may  also  inquire  whether 
there  may  or  may  not  be  still  other  forces  of  whose  composition  it  is  the 
resultant.  So  we  ought  to  conclude  that  there  is  a  special  force,  or  mode, 
or  line  of  force,  whose  action  is  the  assimilation  and  new  construction 
of  organizable,  protoplasmic,  or  bioplasmic  matter,  because  the  action 
so  named  involves  a  movement  of  elements  in  direct  opposition  to  that 
produced  by  the  other  known  forces,  as  shown  especially  and  invariably 
by  the  action  of  those  forces  upon  the  same  matter,  when  death  occurs. 

I  may  introduce  here  a  remark  upon  the  chemical  part  of  the  discussion; 
whether,  as  a  matter  of  induction,  all  a  priori  reasoning  apart,  we  are 
warranted  in  saying  that  organizable  matter  is  and  can  be  never  produced 


Digitized  by 


Google 


1872.]  "-*-^  [Hartshome. 

by  chemical  or  any  other  general  cosmic  forces.  Since  Wohler's  first  for- 
mation of  urea  from  carbonate  of  ammonia,  many  years  ago,  this  has 
been  much  argued  upon.  Numbers  of  organic  substances  have  since 
been  made  by  Berthelot  and  others,  by  more  or  less  nearly  direct  syn- 
thesis. But  mark  this.  With  the  single  exception,  possibly,  though 
not  probably,  of  neuiin  (that  exception  remaining  very  doubtful  yet, 
especially  as  the  substance  so  designated  as  made  by  synthesis,  is  re- 
ported to  be  crystalline  or  crystallizable),  all  the  compounds  so  formed 
are  not  organizable,  but  what  I  would  call  post-organic  substances,  pro- 
ducts or  educts  of  retrograde  or  downward  metamorphosis ;  excreted  or 
secreted, — ^made  in  animal  or  vegetable  bodies  not  by  their  life-force  as 
such  in  tissue  formation,  but  by  its  ** composition"  or  balance  with  other 
forces,  in  the  retrogressive  metamorphosis,  the  approach  toward  waste  and 
death.  It  is  not  germinal  but  eflfete  formed  matter,  to  use  the  words  of 
Beale.  Such,  for  instance,  is  even  quinia,  though  not  yet  made  by  syn- 
thesis. Such  may  be  neurin  itself,  in  the  form  in  which  we  get  it  after 
the  death  of  an  animal,  since  no  tissue  is  more  prone  to  change  soon  after 
death  than  the  nervous.  In  fact,  if  with  Lehmann,  Moleschott  and  Hux- 
ley, chemists  should  assert  that  life  is  only  a  property  of  ceitain  sub- 
stances, and,  as  some  chemists  at  least  say,  that  those  substances  can  be 
made  in  the  laboratory,  then  we  must  hold  them  to  the  test ;  and  deny  the 
formation  of  any  of  those  substances  themselves,  until  they  are  shown  to 
manifest  all  their  properties,  including  life. 

Time  cannot  be  allowed  in  this  paper,  more  than  to  allude  to  the  present 
aspect  of  the  closely  connected  question  as  to  the  evidence  of  experiment, 
in  reference  to  the  origination  of  minute  foims  of  life.  After  the  contro- 
versy (which  was  very  active  in  the  day  of  Crosse's  electrical  experiments) 
had,  by  elimination,  been  narrowed  down  to  a  chronic  debate  between 
Pasteur  and  Pouchet,  we  are  now  surprised  by  its  assuming  larger  pro- 
portions, with  Owen,  Clark,  Hughes  Bennett  and  Bastian,  coming  out  as 
decided  heterogenists,  or  advocates  of  abiogenesis.  Similar  observations 
and  like  arguments,  however,  come  up  again  and  again.  No  better  case 
has  ever  been  made  out  for  heterogeny  than  by  Charlton  Bastian  in  his 
papers  in  "Nature,"  1870.  I  need  not  dwell  on  the  known  difficulty  of 
exactness  in  such  experiments,  from  the  first  preparation  of  the  appara- 
tus down  to  the  last  examination  of  the  results  under  the  microscope  :  a 
difficulty,  as  regards  the  total  exclusion  of  foreign  particles,  pronounced 
by  some  experts  to  be  insurmountable. 

We  need  only  observe  here  that  Bastian' s  protest  against  Pasteur's  as- 
sumption, that  the  prior  weight  of  improbability  is  against  the  heterogenic 
theory,  is  not  warranted  ;  as  the  burden  of  proof  certainly  does  rest  with 
the  heterogenists.  It  being  perfectly  well  known  that  no  experience 
exists  of  the  beginning  of  life  of  larger  forms,  however  simple,  without 
parentage,  we  may  say  that  since  nothing  larger  than  ^-^^j,  of  an  inch  has 
ever  been  known  to  begin  life  in  an  entirely  inorganic  medium,  the  prob- 
ability is  vast  that  nothing  smaller  than  -^-^^■^^■^  of  an  inch  diameter  ever 
does  so.  While  we  are  not  able  to  say  that  it  is  impossible,  those  who  assert 
A.  p.   S. — ^VOL.   XII. — 2n. 
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it  must  bring  most  cogent  evidence.  And  the  legitimate  alternative,  in 
regard  to  all  the  heating  or  boiling  experiments,  is,  whether  we  are  to  ap- 
prehend in  them  new  evidence  of  the  resistance  of  some  low  living  forms  to 
the  usually  destructive  iuduence  of  heat,  or  to  assume  the  total  effect 
of  this,  and  then  conclude  that  a  de  novo  origination  of  life  has 
ireally  occurred.  There  are  many  facts  which  sustain  the  choice  of  the 
former  interpretation ;  facts,  for  instance,  concerning  confervoid  vegetation 
in  boiling  springs,  and  such  as  those  observed  by  G.  Pouchet  and  others, 
proving  the  marvellous  tenacity  of  rotiferous  animalcular  life.  Jeffries 
Wyman's  experiments,  moreover,  seemed  to  show,  that  though  four  hours 
would  not,  five  hours  boiling  would,  prohibit  the  appearance  of  any  vi- 
tality in  the  materials  under  his  examination.  Frankland  and  Calvert 
have  since  strongly  confirmed  the  same  conclusion  by  their  careful  ex- 
periments. No  one,  however  wedded  to  heterogeny,  can  say  that 
we  are  yet  at  the  end  of  our  knowledge  of  the  limits  of  vital  resistance  to 
physical  agencies,  including  heat.  But  note  further :  that  putting  aside 
(although  Professor  Huxley  does  not)  as  unjustifiable,  the  supposition 
that  it  was  possible  for  an  observer  like  Bastian  to  be  mistaken  as  to  the 
really  organic  character  of  the  very  minute  filaments  and  sporules,  ob- 
served by  him  in  tartrate  of  ammonia  or  other  solutions,  under  restricted 
conditions,  we  must  find  in  them  at  least  sometliing  extraordinarily  dif- 
ferent from  the  life  which  we  are  accustomed  to  observe ;  since  a  very 
impoi-taut  part  of  the  whole  process  was  the  entire  exclusion  of  air ;  so 
that  if  thei-e  was  life,  it  was  such  only  as  could  exist  in  distilled  w*ter, 
or  172  vacuo.  And  hei-e,  just  as  in  the  controversy  upon  the  essential  dis- 
tinctions between  animals  and  plants,  since  deoxidation  and  oxidation, 
fixation  of  carbon  and  its  elimination,  are  directly  opposite  processes, 
though  we  may  not  yet  find  their  separating  line,  still  the  line  must  exiit 
somewhere.  And  it  would  be  taking  for  granted  a  great  deal  more  than 
any  evolutionist  has  a  right  to  do  as  yet,  to  suppose,  not  only  that  Bas- 
tian had  thus  manufactured  sporules  and  filaments  living  in  airless  tartrate 
of  ammonia,  but  that  all  he  would  need  would  be  some  greater  variety  of 
conditions  and  time  to  evolve  from  them  the  whole  system  of  organized 
nature.     Bastian  himself  has  not  yet  asserted  this. 

A  word  more  about  the  above  named  opposition  between  vital  and  other 
cosmic  forces.  It  may  be  stated  thus  :  According  to  the  nebular  theory 
mostly  accepted  now  as  the  basis  of  cosmogony  and  evolution, — ^the  form- 
ation of  the  worlds  of  our  solar  system  has  been  and  is  attended  con- 
stantly by  the  integration  of  matter  and  the  dissipation  of  force.  I  have, 
in  this  expression,  used  Hebert  Spencer's  words.  The  spheres  in  consoli- 
dating from  diffused  nebulous  matter  give  out  force  as  heat.  But,  per 
contra,  organized  beings  integrate  matter,  and  at  the  sanie  time  accumulate 
force.  In  the  language  of  Professor  Barker's  able  discourse  on  the 
Correlation  of  Vital  and  Physical  Forces,  **the  food  of  the  plant  is  mat- 
ter whose  energy  is  all  expended ;  it  is  fallen  weight.  The  plant-organ- 
ism, in  a  way  yet  mysterious  to  us,  converts  the  actual  energy  of  the 
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sunlight  into  potential  energy  within  it.  The  fallen  weight  is  thus  raised 
and  energy  is  thus  stored  up." 

As  Dr.  Barker  adds,  the  force  which  is  stored  up  is  undeniably  physical ; 
but  I  remark  further,  that  the  process  by  which  it  is  stored  is  of  another 
order,  and  involves  a  diiferent  kind  of  physical  force  movement  from  that 
by  which  it  is  evolved  and  expended. 

What  more  can  be  made  out  about  this  mysterious  force  of  life  ?  Not 
much  as  yet ;  but  enough,  perhaps,  to  give  encouragement  to  inves- 
tigation. Reduced  to  its  simplest  element,  namely,  the  cell,  or  the  physi- 
ological unit,  life  is  a  process  of  incretion  and  excretion.  What  goes  in  as 
food  is  made  into  tissue,  and  (after  functioning)  comes  out  as  waste. 
The  functioning  is  secondary  to  it  as  life,  though  no  doubt  in  itself  pri- 
mary, under  the  view  of  purpose.  The  organic  cell  converts  crystalloid 
atoms  or  molecules  into  colloid  molecules.  Now  what  is  the  diflference  ? 
not  merely  in  the  fact  of  diflferent  degrees  of  diflfusibility,  but  in  the  state 
of  the  particles ;  the  reason  why  they  are  colloidal  ?  May  we  not  con- 
jecture, that  it  may  be  owing  to  a  differentiated  movement  of  the  atoms  f 
Clausius  and  others  have  long  since  given  reason  for  supposing  that  the 
particles  of  all  gases  are  in  incessant  motion  among  themselves.  May  not 
these  atomic  movements  of  the  three  gases,  nitrogen,  hydrogen  and 
oxygen,  all  of  which  are  associated  with  carbon  in  bioplasm,  be  in  some 
manner  retained  in  the  integration  of  the  organic  cell  ? 

Life-motion  is  probably  not  undulatory,  like  light,  heat  and  electrical 
movement,  but  rotary  or  cycloidal.  For  an  analogy,  I  would  allude, 
somewhat  too  boldly,  to  the  theory  of  some  astronomers,  of  the  present 
constitution  of  Saturn's  rings  ;  of  multitudinous  small  masses  incessantly 
in  motion  among  themselves.  And  the  occasion  for  brevity  in  this  com- 
munication must  be  the  excuse  for  crowding,  before  I  conclude,  yet  other 
questionable  proposals  of  analogy  ;  as  of  the  minute  microscopic  cell,  with 
its  inward,  and  outward  currents  through  undiscoverable  pores,  with  even 
the  incretions  and  excretions  of  the  sun  and  its  photosphere  ;  whose  out- 
ward and  inward  cloud-currents  are  now  being  so  laboriously  studied. 
Somewhat  less  remote,  certainly,  is  the  suggestion  of  analogy  {not  iden- 
tity) of  life-actions  with  effects  of  some  of  the  other  forces  of  physical 
nature.  I  would  regard  sexual  union  which  (except  in  mere  dividuation, 
such  as  the  life  of  a  tree  in  its  cuttings,  or  the  fissiparous  generation  of 
animals)  is,  until  heterogeny  or  spontaneous  generation  be  proved,  the 
only  method  of  the  indefinite  continuation  of  life, — I  would  regard  this 
sexual  union  as  the  true  analogue  of  chemical  union.  The  importance 
of  bi-sexual  polarity  in  organic  nature  has  hardly  yet  been  fully  appre- 
ciated. Carbon  and  oxygen  uniting  give  out  heat,  and  carbonic  acid 
which  escapes.  Organisms  of  two  sexes,  say  the  pollen  cells  and  germ  cells 
of  a  plant  combine,  and  evolve  life-iovoe,  whose  products  do  not  escape, 
but  remain  as  organizable  and  organized  protoplasmic  matter ;  develop- 
ing new  cells  in  connection  with  each  other.  Yet  another  analogy  with 
physical  force-action  may  be  presented.     It  is  known  that  phyllotaxis,  or 
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the  leaf  and  branch  arrangement  of  plants,  follows  a  spiral  law,  arithmeti- 
cally calculable,  and  showing  a  striking  correspondence  with  the  order 
remarked  in  the  successive  distances  of  the  planets  of  our  solar  system 
from  the  sun.  But  what  this  phyllotaxis  still  more  readily  recalls  to  us 
is, — ^the  helix  of  the  electro-magnet ;  or,  rather,  of  the  magneto-electric- 
apparatus.  As  the  opposite  polarities  of  the  magnet  are  to  the  current 
of  the  helix  of  wire,  so  may  be— of  course,  we  do  not  say  is — sexual 
bi-polarity  to  the  spiral  phyllotaxis.  While  a  spiral  tendency  or  move- 
ment cannot  be  so  clearly  traced  in  animals,  yet  some  indices  of  what  we 
may  call  organo-taxii  are  not  wanting.  As  opposite  leaves  are  held 
to  represent  a  double  spiral,  and  whorls  two  or  more,  so  the  bilateral 
symmetry  of  vertebrates,  articulates  and  some  mollusks,  and  the  whorled 
form  of  radiates  and  codlenterates,  may  present  or  imitate  results  of  a 
similar  polar  force. 

Another  analogy,  with  which  physicists  may  have  more  patience,  is  of 
a  recer$e  kind,  with  heat.  As  a  spark  of  fire  sets  burning  an  indefinite 
amount  of  combustible  matter  within  its  influence,  so  a  spark  of  life 
vitalizes  successively  an  indefinite  amount  of  viable,  organizable  material 
as  food.  But  the  difference  is,  as  remarked  already,  that  while  the  in- 
crement of  heat-force  instigates  the  continuous  reduction  of  less  stable 
conditions  of  matter  to  those  more  stable,  the  increment  of  life-force 
elevatcB  materials  from  stable  into  unstable  substances,  with  constantly 
transmuted  forms. 

To  conclude  :  By  no  such  crude  analogies  as  these  can  any  one  imagine 
that  the  mystery  of  life  is  to  be  altogether  removed.  These  remarks  are 
presented  mainly  to  suggest  and  show  that  inquiry  into  life-force  and  its 
attributes  may  now  legitimately  follow  methods  like  in  nature  those  used 
in  studying  the  other  physical  forces ;  and  to  expand  to  some  extent  the 
germinal  thought,  that,  while  life  or  life-force  must  yet  be  always  differ- 
entiated from  the  other  cosmic  forces,  it  is,  like  them,  a  motion,  or  mode 
of  motion,  whose  study  is  a  part  of  physics — organic  physics. 

I  would  add  that  such  a  view  of  the  correlation  of  biology  with  the 
other  physical  sciences  no  more  interferes  with  a  theistic  and  teleological 
view  of  creation  than  does  the  (now  familiar)  resolution  of  many  once 
called  vital  actions  (as  digestion,  circulation,  blood-aeration)  into  chemical 
or  physical  acts,  the  results  of  ordinary  forces  of  nature,  which  are  collo- 
cated in  the  animal  body  under  the  conditions  of  vitality.  To  analyze  is 
not  to  create,  or  even  to  show  how  creation  was  effected  ;  much  less  is  it. 
to  afford  a  negation  of  the  fact  of  creation  itself.  Yet,  to  analyze  is 
always  legitimate  in  science,  so  long  as  it  is  done  accurately,  step  by  step ;. 
and  this,  whether  it  point  to  biogenesis  or  abiogenesis,  to  the  origin  of 
tyi)e8  by  interrupted  appearances  or  by  evolution. 

The  discussion  of  Mr.  Price's  paper,  read  at  the  last 
meeting,  being  in  order,  Mr.  Cope  made  the  following 
remarks : 
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As  the  essay  read  before  this  Society  mider  the  above  title,  adduces  no 
facts  for  or  against  the  theory  of  Evolution  not  already  known,  the  writer 
<does  not  propose  to  criticise  it  as  a  whole.  His  object  is  to  correct  some 
statements  of  supposed  fact,  which  are  germane  to  the  argument  of  the 
«ssay,  in  which  its  author  has  been  led  astray  by  the  statements  of 
others,  or  want  of  familiarity  with  the  subject. 

The  erroneous  statements  are  the  following  : 

1st.  That  the  gradations  of  variational  and  specific  form  seen  among 
domesticated  animals  are  peculiar  to  them,  not  being  found  among  ani- 
mals in  the  wild  state  ;  and  are  therefore  due  exclusively  to  the  influence 
of  human  interference. 

2d.  That  fertile  hybrids  do  not  exist  in  the  wild  state,  and  that  their 
existence  between  domesticated  varieties  is  therefore  evidence  of  their 
•common  origin. 

3d.  That  transitions  from  species  to  species,  as  to  form  and  other  essen- 
tials, occur  neither  in  the  present  period  nor  in  the  succession  of  geologic 
strata. 

4th.  That  the  examples  of  intermediate  forms,  or  supposed  transitional 
structures,  on  which  the  evolutionists  rely,  are  abnormal  or  monstrous, 
or  otherwise  insufficient  for  the  use  made  of  them. 

These  are  four  very  natural  popular  fallacies,  and  the  present  seems  to 
be  a  suitable  opportunity  for  exposing  them. 

First,  That  graded  varieties  and  unstable  specific  forms  do  not  exist 
outside  of  domestication,  and  are  due  to  its  influence,  etc.  To  find  an 
unqualified  contradiction  to  this  statement,  it  is  only  necessary  to  refer  to 
the  diagnostic  tables  and  keys  of  the  best  and  most  honest  zoologists  and 
botanists.  It  is  true  that  these  diagnoses  are  dry  reading  to  the  non-pro- 
fessional, yet  they  embrace  nearly  all  that  is  of  value  in  this  part  of  bio- 
logical science,  and  must  be  mastered  in  some  department,  before  the 
student  is  in  possession  of  the  means  of  forming  an  opinion.  The  neglect 
to  do  this  explains  why  it  is  that,  after  all  that  has  been  written  and  said 
about  protean  species,  etc.,  the  subject  should  be  so  little  understood. 
The  fact  is  thus  :  That  in  every  family  or  larger  group  of  animals  and 
plants,  there  exists  one  or  more  genera  in  which  the  species  present  an 
aggregation  of  specific  intensity  of  form ;  that  is,  that  species  become 
more  and  more  closely  related,  and,  finally,  varieties  of  single  species  have 
to  be  admitted  for  the  sake  of  obtaining  a  systematic  diagnosis,  which  will 
apply  to  all  the  individuals.  These  varieties  are  frequently  as  well  marked 
as  the  nearly  related  species,  so  far  as  amount  of  difference  is  concerned, 
the  distinction  between  the  two  cases  being  that  in  the  varieties  there  is 
a  gradation  from  one  to  the  other ;  in  the  species,  none.  Nevertheless, 
between  some  of  the  varieties,  transitions  may  be  of  rare  occurrence,  and 
in  the  case  of  the  "species,"  an  intermediate  individual  or  two  may  oc- 
casionally be  found.  Thus  it  is  that  differences  of  the  varietal  and  of  the 
specific  kinds  are  distinguished  by  degree  only,  and  not  in  kind,  and  are 
therefore  the  results  of  the  operation  of  uniform  laws.     Yet,  according 
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to  the  old  theory,  the  varieties  have  a  common  origin,  and  the  species  an 
independent  one.  To  cite  examples  of  what  is  asserted,  the  monograph 
of  the  Tenebrionidffi,  by  Dr.  Horn,  in  the  Transactions  of  this  Society^ 
especially  the  genus  Eleodes,  may  be  mentioned,  or  the  essay  on  the  genus 
PtychoBtomuB,  in  the  writer's  ** Fishes  of  North  Carolina,'*  in  the  Pro- 
ceedings of  the  Society,  may  be  consulted. 

It  is  true  that  in  but  few  of  these  cases  have  the  varieties  been  seen  to 
be  bred  from  common  parents,  a  circumstance  entirely  owing  to  the  diffi- 
culties of  observation.  The  reasoning  derived  from  the  relations  of  dif- 
ferences appears  to  be  conclusive  as  to  their  common  origin,  unless  we 
ar^  prepared  to  adopt  the  opposite  view  that  the  varieties  have  originated 
separately.  As  these  avowedly  gi*ade  into  individual  variations,  we  must 
at  once  be  led  to  believe  that  individuals  have  been  created  indei)endently : 
a  manifest  absurdity. 

But  variations  in  the  same  brood  have  been  found  among  wild  animals ; 
for  example,  both  the  red  and  gray  varieties  of  the  little  horned  owl 
(Scops  asio)  have  been  taken  from  the  same  nest. 

As  further  examples  of  gradation  between  species  and  varieties,  found 
in  nature,  I  only  have  to  select  those  genera  most  numerous  in  si)ecie8 
and  best  studied.  Among  Birds  :  Corvus,  Empidonax,  Buteo,  Falcoy  etc. ; 
Reptiles :  Eutcenia,  Anolis,  Lycodon,  Naja,  Caudisona,  Elaps,  Oxyr- 
rhopuSf  etc.  ;  Batrachia :  Rana,  Hyla,  Chorophilus,  Borboroeoetes,  Ambly- 
stoma,  Spelerpes,  etc. ;  Fishes :  Ptychostomus,  Photogenis.,  PlecostomuSy 
Amiurus,  Perea,  and  many  others. 

These  protean  genera  are  not  the  majority  of  those  known  to  naturalists, 
but  are  quite  numerous.  That  the  variability  depends  on  a  peculiar  con- 
dition of  the  animals  themselves,  and  not  on  domestication,  excepting  in 
so  far  as  it  produces  these  conditions,  is  plain  not  only  from  the  above 
facts,  but  from  those  observed  in  domestication.  It  is  well  known  that 
while  pigeons,  fowls,  cattle,  dogs,  etc.,  are  very  variable  or  "protean," 
the  pea-fowl  (Pavo)  has  maintained  its  specific  characters  with  great  ac- 
curacy, during  a  period  of  domestication  as  long  as  that  of  the  other 
species  named.  The  same  may  be  said  of  the  Guinea  {Numidia)  and  the 
Turkey  {Meleagris),  These  facts  show  that  domestication  is  only  a 
remote  cause  of  variability. 

Second,  That  hybrids  do  not  occur  among  wild  animals,  etc.  The 
affirmative  of  this  question  is  no  more  important  to  the  view  of  evolution 
than  the  reverse ;  nevertheless,  if  hybridization  be  regarded  by  any  as 
evidence  of  common  origin,  as  the  author  of  "  Phases  of  Modem  Philoso- 
phy," etc.,  believes,  then  some  wild  species  are  undoubtedly  descended 
from  the  same  parents.  There  are  a  few  fertile  hybrids  in  nature,  though 
some  animals  have  been  stated  to  be  such  without  sufficient  evidence  ;  for 
example,  the  Golaptes  ay  resit  (woodpecker)  is  thought  by  Professor  Baird 
to  be  a  permanent  hybrid  between  the  Eastern  C,  ornatus  and  Califomian 
G,  inexicanus,  and  as  it  occupied  the  region  between  the  two  (Upper  Mis- 
souri) there  is  every  reason  to  believe  that  such  is  the  case,  especially  as 
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it  mingles  and  breeds  freely  with  both  the  others  on  the  borders  of  their 
range. 

Third.  That  transitions  from  species  to  species  in  the  present  periods 
have  not  been  observed ;  nor  have  they  been  discovered  in  passing  up- 
wards through  strata  of  the  earth's  crust. 

The  all-suificient  answer  to  this  statement  is  to  be  found  in  the  imper- 
fection of  our  system  of  classification  already  pointed  out.  Thus,  if  we 
first  assume  with  the  anti-developmentalist,  that  varieties  have  a  common 
parentage,  and  species  distinct  ones,  when  intermediate  forms  connecting 
so-called  species  are  discovered,  we  must  confess  ourselves  in  error,  and 
admit  that  the  forms  supposed  to  have  had  different  origin,  really  had  a 
common  one.  Such  intermediate  forms  really  establish  the  connection 
between  species,  but  the  question  is  begged  at  once  by  asserting  unity  of 
species,  and  therefore  of  origin,  so  soon  as  the  intermediate  form  is  found  ; 
for,  as  before  observed,  it  is  not  degree  but  constancy  of  distinction,  which 
establishes  the  species  of  the  zoological  systems.  Transitions  between 
species  are  constantly  discovered  in  existing  animals  :  when  numerous  in 
individuals,  the  more  diverse  forms  are  regarded  as  ** aberrant;"  when 
few,  the  extremes  become  "  varieties,  *'  and  it  is  only  necessary  to  destroy 
the  annectant  fonns  altogether,  to  leave  two  or  more  species.  As  the 
whole  of  a  variable  species  generally  has  a  wide  geographical  range,  the 
varieties  coinciding  with  sub-areas,  the  submergence  or  other  change  in 
the  intervening  surface  would  destroy  connecting  forms,  and  naturally 
produce  isolated  species. 

Formerly,  naturalists  sometimes  did  this  in  their  studies.  A  zoologist 
known  to  fame,  once  pointed  out  to  me  some  troublesojne  specimens 
which  set  his  attempts  at  definition  of  certain  species  at  defiance.  *  *  These, '  * 
said  he,  "are  the  kind  that  I  throw  out  of  the  window."  Naturalists 
having  abandoned  *  throwing"  puzzling  forms  "out  of  the  window," 
the  result  of  more  honest  study  is  a  belief  in  evolution  by  four-fifths  of 
them. 

Fourth,  That  the  "variations"  or  intermediate  types  pointed  toby 
evolutionists  in  favor  of  their  positions,  are  exceptional,  abnormal,  or  too 
few  to  be  available  in  demonstration  of  the  origin  species  in  geneml,  etc. 

The  cases  of  transition,  intermediate  forms,  or  diversity  in  the  brood, 
observed  and  cited  by  naturalists  in  proof  of  evolution,  are  few  com- 
pared with  the  numbers  of  well  defined,  isolated  species,  genera,  etc., 
though  far  more  numerous  than  the  author  of  the  article  criticised  is  aware 
of.  Their  value  in  evidence  of  the  nature  and  origin  of  the  permanent 
forms,  is,  it  seems  to  me,  conclusive,  and  to  a  certain  extent,  complete. 
By  the  inductive  process  of  reasoning  we  arrive  at  a  knowledge  of  the 
unknown  from  the  known,  a  process  which  we  act  upon  in  our  daily 
affairs,  and  one  which  constitutes  the  key  to  knowledge.  It  rests  upon 
the  invariability  of  nature's  operations  under  identical  circumstances,  and 
for  its  application  merely  demands  that  analysis  and  comparison  shall  fix 
that  the  nature  of  that  of  which  something  is  unknown,  is  identical  with 
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that  of  which  Bomething  is  known.  We  then  with  certainty  refer  that 
something  which  is  known,  as  an  attribute  of  tliat  object  of  which  the 
same  quality  had  been  previously  unknown. 

In  application  to  the  question  of  evolution  the  following  preliminary 
facts  may  be  assumed  : 

1.  Many  species  are  composed  of  identical  elemental  parts  which  pre- 
sent minor  dififerences. 

2.  Some  of  these  differences  have  been  seen  to  arise  ^'spontaneously ;'' 
that  is,  characters  have  made  their  appearance  in  ofifspring  of  parents 
which  did  not  possess  them, — or  what  is  the  same  thing,  are  known  to 
exist  in  individuals  whose  parentage  is  iden{ical  with  others  which  do 
not  possess  them. 

3.  The  gradation  of  differences  of  the  same  elemental  parts  is  one  of 
degree  only,  and  not  of  kind. 

4.  Induction :  Therefore  all  such  differences  have  originated  by  a 
modification  in  generation,  or  have  made  their  appearance  without  transr 
mission,  in  descent.  ^ 

This  induction  is  one  of  the  forms  in  which  the  proof  for  evolution  ap- 
pears, though  a  more  cogent  argument  is  that  already  presented  in  Chap- 
ter I,  of  the  paper  entitled  "On  the  Method  of  Creation,'*  etc.,  Pro- 
ceedings A.  P.  8.,  1871. 

The  fact  that  in  the  majority  of  species,  their  origin  by  descent  with 
modification  has  not  been  directly  observed,  in  no  wise  invalidates  the 
above  argument.  Unless  they  present  positive  evidence  against  such 
origin,  these  are  absolutely  silent  witnesses.  He  who  cites  them  agslinst 
evolution  commits  the  error  of  the  native  of  the  Green  Isle,  who  was 
present  at  a  murder  trial :  "Although  the  prosecuting  attorney  brought 
three  witnesses  to  swear  positively  that  they  saw  the  murder  committed, 
I  could  produce  thirty  who  swore  that  they  did  not  see  it  done ! " 

Finally f  it  may  be  asserted  that  the  Theory  of  Development  is  the 
only  theory  of  creation  before  the  scientific  world  at  the  present  time. 
The  author  of  "Some  Phases,"  etc.,  says,  in  opposition  to  it,  that  God 
made  the  species,  and  that  their  gradual  evolution  dispenses  with  His  in- 
terferences and  authorship.  Will  our  author  explain  to  us  Tiow  God  made 
the  species  independent  from  the  start  ?  No  opponent  of  development 
has  attempted  to  do  this,  and  until  it  is  done,  there  can  be  no  theory  or 
doctrine  in  the  field  other  than  that  of  Evolution.  The  Evolutionists  not 
only  believe  with  the  author  criticised,  that  God  made  all  things,  but  they 
attempt  to  show  in  the  field  of  biology,  how  He  did  it. 

If  they  are  correct  in  their  interpretation  of  the  facts,  there  can  be,  and 
is,  no  interference  between  their  views  and  the  purest  morality,  and  the 
most  faithful  religion. 

Other  members  took  part  in  the  discussion. 

On  motion,  Mr.  Lesley  was  elected  Librarian  for  the  ensu- 
ing year. 
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On  motion,  the  nomination  of  Standing  Committees  being 
in  order,  those  of  the  preceding  year  were  continued. 

On  motion,  the  reading  of  the  Catalogue  of  Members  was 
•dispensed  with. 

Pending  nominations  Nos.  679,  689,  and  new  nominations 
690,  691  were  read. 

^dominations  Nos.  678  to  688  were  spoken  to  by  Nominors 
.and  ballotted  for ;  and  on  a  scrutiny  of  the  ballot  boxes,  by 
the  presiding  officer,  the  following  gentlemen  were  declared 
duly  elected  members  of  the  Society : 

Prof.  W.  C.  Kerr,  State  Geologist  of  N.  Car.,  Raleigh,  N.  C. 

Mr.  La  Motte  Dupont  de  l^emours,  Wilmington,  Del. 

Prof.  William  P.  Trowbridge,  of  Yale  College,  New 
Haven,  Conn. 

Dr.  William  Elder,  of  Philadelphia. 

Francis  Bowyer  Miller,  Esq.,  of  the  Royal  Branch  Mint  at 
Melbourne,  Aus. 

Mr.  Guillaume  Lambert,  Professor  of  Chemistry  in  the 
University  of  Louvain,  Belgium. 

Mr.  Persifor  Prazer,  Jr.,  Assistant  Prof.  Chemistry,  Uni- 
versity of  Pennsylvania,  Philadelphia. 

Mr.  George  W.  Hough,  Director  of  the  Dudley  Observa- 
tory, Albany. 

Mr.  William  A.  Stokes,  of  Philadelphia. 

Mr.  Edwin  J.  Houston,  Professor  in  the  High  School  and 
Franklin  Institute,  Philadelphia. 

And  the  Society  was  adjourned. 


Stated  Meeting^  February  2rf,  1872. 

Present,  fifteen  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

New  members : — Mr.  Stokes,  Dr.  Elder  and  Prof.  Persifor 
Frazer,  Jr.,  were  introduced  to  the  presiding  officer  and 
took  their  seats. 

Letters  accepting  membership  were  received  from  Prof. 
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Wm.  C.  Kerr,  dated  Raleigh,  N.  C,  January  29th ;  Prof. 
Edwin  J.  Houston,  dated  3603  Chestnut  street,  Philadelphia,. 
January  30th  ;  Prof.  Persifor  Frazer,  Jr.,  dated  137  S.  Fifth 
street,  Philadelphia,  January  28th ;  and  Mr.  Wm.  A.  Stokes,, 
dated  2026  Delancey  Place,  Philadelphia,  Jan.  25th,  1872. 

A  letter  of  envoi  was  received  from  the  Fondation  Teyler. 

Letters  enclosing  the  draft  of  a  memorial  to  Congress,  for  an 
appropriation  for  observing  the  transit  of  Venus,  were  received 
from  Rear- Admiral  Sands,  dated  U.  S.  Naval  Observatory, 
Washington,  D.  C,  Jan.  18th,  1872,  and  Jan.  30th,  1872.  ' 

On  motion  of  Dr.  Ruschenberger,  a  committee,  consisting 
of  Dr.  Ruschenberger,  Prof.  J.  F.  Frazer  and  Mr.  Marsh, 
was  api)ointed  to  consider  the  subject  of  preparing  a  memo- 
rial to  Congress  for  an  appropriation  for  observing  the  tran- 
sit of  Venus,  in  accordance  with  the  recommendation  of 
Rear- Admiral  Sands. 

A  portrait  of  D'Alembert,  by  Rembrandt  Peale,  was  pre- 
sented to  the  Society  by  Mr.  Joseph  Harrison,  of  Philadel- 
phia, who  purchased  it  at  the  sale  of  the  Peale  Collection 
some  years  ago.  On  motion,  the  Secretaries  were  instructed 
to  tender  the  thanks  of  the  Society  to  the  donor. 

The  Secretaries  laid  on  the  table  for  the  examination  of 
the  members  the  87th  number  of  the  Proceedings  of  the 
Society,  just  published. 

Donations  for  the  Library  were  received  from  the  Belgian 
Academy,  the  Revue  Politique ;  Nature ;  the  Canadian  Na- 
turalist ;  Salem  Institute ;  Old  and  New ;  Silliman's  Jour- 
nal ;  Journal  of  Pharmacy ;  Franklin  Institute ;  Academy 
of  Natural  Sciences,  Philadelphia ;  the  Chief  of  U.  S.  Engi- 
neers ;  the  Smithsonian  Institute ;  the  New  York  Anthro- 
pological Society,  and  Senator  Sumner. 

The  Anthropological  Institute  of  New  York ;  the  Voigt- 
landsche  Verein  fiir  Naturkunde,  Reichenbach  a-V. ;  the  Zo- 
olog-Mineral.  Verein,  Regensburg ;  and  the  Verein  fiir  Vater- 
land :  Naturkunde,  Stuttgart,  were,  on  motion,  placed  on  the 
list  of  corresponding  Societies,  to  receive  the  Proceedings. 

The  death  of  Mr.  Edward  Miller,  a  member  of  the  Society^ 
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on  the  Ist  instant,  at  West  Philadelphia,  in  the  62d  year  of 
his  age,  was  announced  by  Mr.  Fraley,  with  appropriate  re^ 
marks.  On  motion,  Mr.  Solomon  W.  Roberts  was  appointed 
to  prepare  an  obituary  notice  of  the  deceased. 

The  Committee  to  which  was  referred  the  paper  and  map 
of  Mr.  Lyman,  on  the  Punjaub  Oil  Region,  reported  in  favor 
of  its  publication  in  the  Transactions. 

Mr.  Lyman  exhibited  a  large  map  of  the  region  between 
Rawul  Pindee  and  the  Salt  Range,  published  by  the  British 
Government,  and  described  the  zoological  structure  and 
mineralogy  of  the  country. 

Dr.  G.  B.  Wood,  referring  to  his  previous  communications 
of  the  use  of  potash  salts  in  agriculture,  made  some  addi- 
tional remarks  on  that  subject. 

Professor  Cope  offered  for  publication  in  the  Proceedings 
a  paper  on  "  The  Families  of  Fishes  of  the  Cretaceous  Form- 
ation of  Kansas." 

Pending  nominations  Nos.  689,  690  and  691  were  read, 
and  the  meeting  was  adjourned. 


Influence  of  Fresh  Wood-AsJies  on  the  Growth  of  Wheats  Potatoes,  §*c. 

By  Dr.  George  B.  Wood. 
{Read  before  the  American  Philosophical  Society,  February  2rf,  1872.) 
In  a  communication  made  to  the  Society  at  their  meeting  of  January 
6th,  1871,  in  relation  to  the  efficiency  of  fresh  wood-ashes  in  the  revival 
of  prematurely  failing  fruit-trees,  I  took  occasion  to  suggest  that,  upon 
the  same  principles,  they  might  prove  equally  efficacious  in  preventing 
the  failure  or  deficiency  of  the  wheat  crop,  so  common  of  late  in  the  old 
settled  parts  of  our  country.  The  opinion  was  based  on  the  large  pro- 
portion of  potassa  found  in  the  ashes  of  the  wheat  plant,  when  burned  in 
the  growing  state ;  exceeding  as  it  does  twenty  times  that  of  common 
imleached  ashes.  Wheat,  therefore,  requires  a  very  large  relative  pro- 
portion of  the  alkali  for  its  growth,  more  than  can  be  derived  from  an 
exhausted  soil,  even  when  aided  by  manure,  which,  though  it  contains  a 
considerable  quantity  of  the  salts  of  potassa,  cannot  yield  enough  to  the 
growing  wheat  to  insure  a  large  crop.  But  this  was  mere  speculation, 
and  the  question  could  be  decided  only  by  experiment.  Accordingly,  as 
stated  in  my  last  communication,  I  selected  an  acre  of  ground,  and  divid- 
ing it  into  three  parts,  treated  one  with  ashes  alone,  another  with  ashes- 
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and  swamp-muck  coi\joint1y,  and  the  third  with  muck  alone ;  the  muck 
being  applied  as  ordinary  manure,  and  the  ashes  sprinkled  upon  the 
ploughed  ground  at  the  same  time*  with  the  sowing  of  the  wheat,  and 
then  harrowed  in  along  with  it.  This  was  done  early  in  the  autumn  of 
1870.  Even  during  the  same  season,  the  eye  could  i*eadily  perceive  the 
jnore  luxuriant  g^wth  of  the  wheat  where  'supplied  with  ashes,  and  a 
line  of  division  between  this  portion  of  the  lot,  and  that  simply  manured, 
was  vei*y  obvious.  But  the  point  in  question  could  not  be  decided  until 
harvest  time  next  year.  Unfortunately,  circumstances  prevented  me  from 
being  present  at  that  time,  and  I  had  to  depend  for  the  result  upon  the 
report  of  my  agent,  in  whom,  however,  I  have  great  confidence.  He  re- 
ported that  he  gathered  tlie  wheat  from  small  and  perfectly  equal  por- 
tions of  the  two  divisions,  of  which  one  had,  and  the  other  had  not  been 
ashed ;  finding  no  such  difference  between  the  two  ashed  portions  as  to 
render  it  worth  while  to  distinguish  them.  On  separating  and  measuring 
the  wheat,  he  found  that  the  quantity  from  the  ground  where  the  ashes 
were  used  was  about  double  that  from  the  part  which  had  been  supplied 
with  muck  alone,  and,  in  relation  to  general  productiveness,  was  in  the 
proportion  of  about  27  bushels  to  the  acre,  far  exceeding  the  ordinary 
crop,  which,  though  under  peculiarly  favorable  circumstances,  it  may 
sometimes  equal  20  bushels  to  the  acre,  does  not  often,  according  to  my 
experience  and  observation,  exceed  12  or  15  bushels.  It  should  be  men- 
tioned that  the  ground  on  which  the  experiment  was  made  was  of  nearly 
equal  quality  throughout,  and  very  poor. 

But  I  have  to  mention  a  fact  connected  with  these  proceedings,  which 
goes  still  further  than  anything  yet  said  to  prove  the  efficacy  of  potash  in 
the  wheat  culture.  The  common  poke  is  a  plant  abounding  in  the  salts 
of  potassa,  and,  therefore,  selects  for  its  own  growth  new  and  rich  soils, 
which  have  not  yet  been  exhausted  by  cultivation.  Upon  the  heaps  of 
swamp  muck,  thrown  up  on  the  borders  of  cranberry  meadows  in  the 
process  of  their  preparation,  the  poke  springs  up  very  rapidly  and  cop- 
iously, so  as  in  a  short  time  to  completely  cover  the  heaps  ;  and  the  eye 
at  once  recognizes  a  muck  bed  by  this  luxuriant  covering.  By  gather- 
ing and  burning  this  copious  crop,  we  obtained  a  quantity  of  ashes  re- 
jnarkably  rich  in  potassa,  containing  at  least  45  parts  of  the  alkali  in  1000 
of  the  ashes,  and  therefore  very  nearly  equaling  in  this  respect  the  grow- 
ing wheat.  To  test  the  quality  of  some  ashes  thus  obtained,  we  substi- 
tuted it  for  the  common  wood  ashes  in  a  small  space  of  that  division  of 
the  ground  which  was  treated  with  this  material.  Within  this  small 
space  the  wheat  grew  most  luxuriantly,  with  stems  higher  and  stronger, 
and  heads  longer  and  fuller  than  those  of  the  plant  in  other  parts  of 
the  lot ;  and,  when  the  crop  was  gathered,  the  produce  was  found  to 
be  in  the  proportion  of  thirty-eight  bushels  to  the  acre,  exceeding  by 
more  than  one-third  that  obtained  under  ordinary  wood-ashes.  As 
the  proportion  of  the  alkali  in  the  two  kinds  of  ashes  used  was  the 
only  point  in  which  they  materially  diff*ered,  the  necessary  inference 
is  that  the  difference  in  the  amount  of  product  was  owing  exclusively  to 
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the  much  greater  proportion  of  potassa  in  the  poke-ashes,  which 
exceeded  by  more  than  20  times  that  of  the  wood-ashes ;  and  fur- 
ther, that  all  the  effects  of  ashes  in  promoting  the  growth  6f  wheatL 
are  ascribable  to  the  alkali  contained  in  them. 

These  experiments  were  made  on  too  small  a  scale,  and  with  too  little 
precision  in  quantity  aud  measurement,  to  authorize  any  very  exact. 
conclusion  as  to  the  effect  of  ashes  upon  growing  wheat ;  but  they  are 
sufficient,  I  think,  to  prove  that  the  effect  is  very  great,  and  that  the  far- 
mer may  have  recourse,  with  great  hopes  of  advantage,  to  this  agent,  i£ 
attainable  at  a  suitable  price.  If  the  plan  be  generally  adopted,  the  ashes 
would  soon  fail ;  but  I  have  no  doubt  that  commercial  potash  might  be: 
substituted  for  them,  with  at  least  equal  effect ;  one  pound  of  it  being, 
equivalent,  I  presume,  to  about  a  bushel  of  the  best  wood-ashes.  Should 
the  supply  of  commercial  potash  fail,  recourse  may  be  had  to  the  alkali 
as  now  procured  from  mineral  sources,  which  will  probably  prove  inex- 
haustible. 

A  few  remarks  on  the  mode  of  using  the  ashes,  or  their  alkalyie  substi- 
tute, for  the  promotion  of  the  wheat  crop,  may  be  acceptable  to  those, 
who,  without  previous  experience,  may  be  disposed  to  try  the  measure. 

When  leached  ashes  have  been  used  as  a  dressing  for  wheat,  for  which 
experience  has  long  showed  that  they  are  among  the  best  fertilizers,  they 
have  been  applied  in  the  same  manner  as  ordinary  manure  ;  being  first, 
spread  upon  the  surface,  and  then  turned  under  by  ploughing.  This  method 
is  correct;  because  the  very  small  proportion  of  potassa  contained  in 
leached  ashes  is  in  the  form  of  the  insoluble  silicate,  which  cannot  be 
dissolved  or  carried  away  by  the  rains,  but  which  is  probably  slowly  con- 
verted, as  wanted,  into  the  soluble  carbonate  by  the  influence  of  the  root- 
lets, which  then  absorb  it.  The  unleached  ashes,  containing  the  alkali  in. 
a  soluble  state,  cannot  be  treated  in  the  same  manner ;  as  their  alkalL 
would  be  dissolved  by  the  rain,  and  carried  away,  in  great  measure  beyond 
the  reach  of  the  roots.  I  have,  therefore,  caused  the  ashes  to  be: 
sprinkled  or  otherwise  spread,  as  equally  as  possible,  over  the  surface  of 
the  ploughed  ground  at  the  same  time  that  the  wheat  is  sowed,  and  the 
two  then  to  be  harrowed  in  together.  The  grain  is  thus  brought  into 
contact  with  the  ashes,  and,  when  the  alkali  is  dissolved  out,  is  ready  to 
appropriate  it  to  its  own  development.  But  as  all  the  unappropriated- 
alkali  is  probably  dissolved  out,  and  carried  away  by  the  winter  rains,  I 
direct  that,  in  the  early  spring,  another  coating  of  ashes  should  be 
sprinkled  over  the  young  wheat,  so  as  to  yield  it  a  supply  of  the  alkali, 
during  the  growing  period. 

The  same  plan,  essentially,  should  be  followed  in  the  use  of  commer- 
cial potash.  Being  extremely  soluble,  it  should  first  be  dissolved  in  water, 
and  the  solution  then  sprinkled  over  the  ploughed  ground  at  the  sowing 
of  the  wheat,  and  again  in  the  early  spring  upon  the  crop  as  it  is  begin- 
ning to  grow. 

As  to  the  precise  quantity  of  ashes  or  of  commercial  potash  to  be. 
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used,  in  proportion  to  the  extent  of  ground,  I  am  not  prepared  to 
say ;  but  I  believe  that  I  have  employed  from  25  to  50  bushels  of  the 
fresh  \^ood-ashes  to  the  acre.  I  have  no  doubt,  however,  that  this 
quantity  might  be  greatly  exceeded,  not  only  safely  but  with  advantage  ; 
as  shown  by  the  effects,  before  mentioned,  of  the  poke  ashes,  which 
must  have  been  equivalent  in  alkaline  strength  to  at  least  20  times  the 
quantity  of  common  unleached  ashes. 

Every  farmer,  in  who.se  family  the  ashes  are  lixiviated  for  the  preparation 
of  soft  soap,  has  it  in  his  power  to  make  a  little  experiment,  the  result  of 
which  may  determine  his  future  course.  Let  him  beg  from  the  women  a 
bucket  full  of  lye,  and,  after  sowing  his  wheat  in  the  autumn,  let  him,  by 
means  of  a  tin  watering  can  with  perforated  spout,  sprinkle  the  liquid 
equally  over  a  small  poi-tiou  of  the  field,  and  repeat  the  process  upon  the 
same  plot  of  ground  when  the  wheat  begins  to  resume  its  growth  in  the 
spring.  If  he  find  the  product  of  the  small  plot  thus  treated  greatly  in 
excess  of  the  average  of  the  field,  he  may  gain  confidence  to  proceed  on  a 
larger  scale,  and  thus  perhaps,  materially  advance  his  income. 

Within  about  a  year,  my  attention  has  been  attracted  to  the  potato 
crop,  w^ith  reference  to  the  use  of  fresh  ashes  in  its  cultivation,  and  I 
have  little  doubt  that  the  same  treatment  may  be  applied  to  this  as  to  the 
wheat,  with  at  least  equal  advantage.  On  consulting  the  chemical  au- 
thorities, I  found  that  the  stems  and  leaves  of  the  common  Irish  potato 
are  even  richer  than  the  wheat  plant  in  the  salts  of  potassa ;  their  ashes 
containing  55  parts  of  potassa  in  the  1000,  while  the  proportion  of  wheat 
is  only  47.  Now  the  potato  crop  has  of  late  years,  in  my  neighborhood, 
been  much  more  uncertain  than  formerly  ;  even,  I  think,  independently 
of  the  disease  which  has  from  time  to  time  made  so  much  havoc  with 
this  crop.  It  is  highly  probable  that  the  cause,  as  in  the  case  of 
fruit  trees,  may  be  a  deficiency  in  the  supply  of  i)otassa,  and  it  is 
not  impossible  that  the  disease  which  is  believed  to  have  its  origin  in 
a  microscopic  fungus,  may,  like  the  wonn  at  the  root  of  the  peach, 
depend  upon  the  deprivation  of  the  alkali,  which  may  be  necessary 
to  the  protection  of  the  plant  against  these  low  parasites.  To  deter- 
mine this  point,  as  far  as  a  single  observation  could  do  so,  I  had  a 
quantity  of  potatoes  planted  last  spring  in  rows,  a  certain  number  of 
which  were  supplied  with  fresh  ashes  in  the  hills,  while  the  remainder 
were  treated  only  with  manure.  In  the  rows  in  which  ashes  were 
used,  the  plant  grew  much  more  vigorously  than  in  the  others,  and 
the  product  in  potatoes  was,  I  believe,  about  double ;  though  I  cannot 
recall  the  precise  figure,  in  this  case. 

I  have  under  way,  this  season,  an  experiment  on  the  application  of  fresh 
ashes  to  the  wheat  crop  on  a  much  larger  scale  than  the  first ;  and  my  in- 
tention is  to  pursue  a  similar  plan  with  the  potato,  at  the  time  of  plant- 
ing in  the  spring.  Should  I  be  spared  to  see  the  results  of  these  trials,  I 
hope  to  be  able  to  present  a  statement  about  them  to  the  Society.  Should 
the  opportunity  offer,  I  intend  also  to  try  how  facts  will  support  my 
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supposition,  in  relation  to  the  use  of  common  potash  as  a  substitute  for 


I  cannot  close  this  communication  without  referring  to  the  original 
•subject  of  the  revival  of  prematurely  failing  peach  ti-ees.  I  have  con- 
tinued to  applj  ashes  in  the  same  manner  as  at  first,  in  the  autumn  or 
spring,  or  both,  to  the  different  kinds  of  fruit  trees ;  and,  I  believe,  with 
uniformly  favorable  results.  The  peach  orchard,  which,  four  years  ago, 
appeared  to  be  in  a  dying  state,  and  had  for  several  seasons  ceased  to  bear 
fruit,  is  now  in  a  vigorous  state,  and  last  summer  yielded  a  copious  crop. 
The  old  apple  orchard,  which  was  so  wonderfully  revived  two  years  since, 
continues  apparently,  except  in  the  case  of  a  few  trees  dying  from  old  age, 
to  hold  all  that  it  had  gained,  though  we  lost  the  crop  last  year  through 
the  destruction  of  the  blossoms  by  a  late  frost.  The  pears  and  quinces 
of  which  the  blossoming  period  differed  from  that  of  the  apple,  so  that 
they  escaped  the  frost,  were  full  of  fruit ;  and  I  was  particularly  struck 
with  one  old  quince  tree,  which,  before  the  use  of  ashes  had  borne  scanty 
crops  of  a  small,  imperfect,  knotty  fruit,  but,  last  year,  under  the  influ- 
ence of  ashes,  was  loaded  with  smooth  and  well  formed  quinces. 

I  have  not  yet  been  able  to  form  any  positive  conclusion  in  relation  to 
the  protective  effect  of  fresh  ashes  against  the  curculio  in  the  plum  tree  ; 
but  I  am  prosecuting  some  inquiries  in  this  direction,  and  hope  before 
long  to  be  able  to  solve  the  question  either  favorably  or  unfavorably. 
I  must  confess,  however,  that  I  am  by  no  means  sanguine  of  the  former 
result. 


ON  THE   FAMILIES  OF  FISHES  OF  THE  CRETACEOUS 
FORMATION  OF  KANSAS. 

By  E.  D.  Cope. 

(Read  before  the  American  Philosophical  Society^  January  5thy  1872.) 


SAURODONTID^. 
Cope.  Proc.  Amer.  Philos.  Soc,  1870,  p.  529.  Hayden's  Survey,  Wyoming, 

etc.,  1871,  p.  414.  / 

A  considerable  accession  of  material  belonging  to  several  species  of  this 
family,  furnishes  important  additions  to  our  knowledge  of  their  structure, 
and  enables  me  to  determine  their  affinities  with  more  precision  than 
heretofore.  The  results  are  of  value  to  the  student  of  comparative  anat- 
omy, and  also  to  the  palaeontologist,  as  they  appear  to  have  been  the 
predominant  type  of  marine  fishes,  during  the  cretaceous  period,  in  the 
North  American  seas,  and  to  have  been  abundant  in  those  of  Europe. 

The  characters  already  assigned  to  the  family  are  confirmed  by  the  new 
species  discovered,  and  many  additional  ones  added,  as  follows  : 

The  cranial  structure  cannot  be  fully  made  out,  but  the  following  points 
may  be  regarded  as  ascertained  :  The  brai7i  case  is  not  continued  between 
the  orbits,  and  the  basis  cranii  is  double  and  with  the  muscular  tube 
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open.  A  large  lateral  cavity  is  enclosed  by  the  prootic,  the  pterotic,  the 
epiotic,  etc.  There  are  no  exoccipital  condyles,  and  that  of  the  basioc- 
cipital  is  a  conic  cup.  The  pterotic  and  postfrontal  are  well  developed. 
The  ethmoid  is  well  developed  and  slightly  narrowed  at  its  anterior  ex« 
tremity.  The  parasphenoid  is  narrowed  and  elongate ;  the  vomer  is 
continuous  with  it  and  is  slightly  expanded  and  then  contracted  at  the 
anterior  extremity  :  neither  it  nor  the  parasphenoid  support  teeth  in  any 
of  the  known  genera. 

The  premaxillary  bones  ai*e  short,  and  form  but  a  small  portion  of  the 
upper  jaw.  The  maxillary  is  elongate  and  simple.  The  hyomandibular 
is  rather  narrow  and  does  not  present  an  elongate  i)eduncle  for  the  oper- 
culum.  The  symplectic  is  well  developed,  entering  far  into  the  inferior 
quadrate.  The  latter  is  a  broad  bone,  largely  in  contact  with  the  meta- 
pterygoid,  which  is  itself  a  thin  plate,  not  probably  attaining  the  pter- 
otic.    The  8ui)erior  branchihyals  are  short  rods. 

The  relations  of  the  supraoccipital,  parietals,  frontals,  etc.,  cannot  yet 
be  satisfactorily  made  out,  owing  to  the  obscurity  of  the  sutures.  Never- 
theless the  following  points  may  be  regarded  as  probably  reliable.  The 
frontals  have  a  rather  broad  union  with  the  ethmoid,  and  are  separated 
by  suture  throughout  their  length.  They  do  not  extend  much  posterior 
to  the  orbits  and  are  succeeded  by  a  rather  narrow  pair  of  bones  which 
extend  to  above  the  foramen  magnum.  These  are  not  united  by  suture, 
but  present  thickened  smooth  edges  to  each  other,  and  appear  therefore 
to  have  been  separated  by  a  fontanelle.  Each  is  separated  by  serrate 
suture,  from  a  broad  lateral  bone  which  is  i)erhaps  the  pterotic,  and  cer- 
tainly includes  that  element,  as  it  suppoi-ts  the  hyomandibular.  It  is  not 
easy  to  determine  what  relation  the  median  bones  bear  to  the  supraoc- 
cipital, but  the  structure  looks  a  good  deal  like  that  cliaracterizing  the 
SUurida,  or,  consideiing  the  large  pterotics,  like  the  Mormyrid(E  plus 
the  fontanelle.  The  shorter  form  of  the  pterotic  in  the  CharacinicUB  and. 
the  Catostomida  causes  considerable  difference  in  their  api)earance.  There 
is  no  indication  of  fontanelle  between  the  frontals  in  Portheus, 

Portions  of  the  scapulas  of  Portheus  molossus  and  other  species,  are 
preserved.  They  have  very  stout  articular  surfaces,  and  although  not 
complete,  have  enclosed,  more  or  less,  a  very  large  fontanelle.  The  su- 
perior surface  is  the  larger,  and  is  followed  below  by  two  others,  the  up- 
per subvertical  and  small,  the  lower  larger  and  transverse.  These  are 
surfaces  supporting  two  basilar  elements  of  the  pectoral  fin.  There 
were  perhaps  three  basilars,  but  the  base  of  the  coracoid  displays  no 
surface  for  articulation  of  a  third.  The  suture  with  the  coracoid  crosses 
immediately  below  the  lower  condyloid  surfaces,  and  passes  just  below 
the  scapular  fontanelle,  leaving  in  the  specimens  a  fractured  surflEUse 
which  probably  supported  a  pi-aecoracoid.  There  are  two  fractured  bases 
of  the  coracoid,  which  probably  unite  below,  enclosing  a  foramen.  On 
the  scapulo-coracoid  suture  just  within  the  space  between  the  two  inferior 
condyles  is  a  smooth  hemispherical  pit  of  considerable  size.  Just  in  front 
of  it  is  another  of  crescentic  form. 
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A  partially  complete  circle  of  bones  convex  on  one  side,  concave  on  the 
other,  was  found  with  the  remains  of  two  species  of  Portheua  and  one  of 
lehtJiyodectes,  They  look  like  a  sclerotic  ossification,  ana  as  though 
moulded  on  a  globe.  They  are  not  segmented  as  in  Reptilian  sclerotic 
ossifications,  nor  do  they  seem  to  have  been  completed  circles. 

The  femoral  hones,  or  those  supporting  the  ventral  fins  are  preserved 
in  Ichthyodectes  anaides  and  a  Portheus,  They  are  closely  united  pos- 
teriorly, the  inner  margins  gradually  approximating  to  the  union,  which 
is  accomplished  by  the  application  of  the  subcylindric  posterior  part  of 
the  bones.  In  Portheus  they  are  united  by  a  coarse  suture.  There  are 
no  posterior  processes,  but  the  anterior  are  long  and  slender.  Each  is 
divided,  the  inner  portion  being  rod-like  ;  the  exterior  plate-like.  The 
outer  is  probably  the  shoiter  ;  exteriorly  it  rises  into  an  obtuse  ridge  on 
the  lower  side,  and  the  plate  then  expands  backwards  as  well  as  outwards 
nearly  enclosing  a  large  sinus  with  the  base  of  support  of  the  fin.  The 
fin-supporting  surface  is  sub-round,  with  two  exterior  and  one  interior 
articular  surfaces,  and  a  projection  in  the  middle,  which  has  one  or  two 
articular  faces  of  smaller  size.  The  base  of  the  anterior  projections  is 
rather  broader  in  Ichthyodectes  than  in  Portheus. 

Three  kinds  of  spine-like  rays  or  supports  of  the  fins  have  been  found 
in  connection  with  remains  of  species  of  this  family,  and  the  proper 
reference  to  their  positions  and  species  is  as  yet  in  some  degree  uncertain. 
First.  The  elegantly  segmented  compound  rays  originally  referred  to 
Ptychodus  by  Agassiz,  and  described  by  me  under  the  species  Sauro- 
cephalus  thaumas,  appear  to  be  referable  to  the  genus  Portheus,  and  to  be 
supports  of  the  caudal  fin.*  Secondly.  Spines  composed  of  unsegmented 
rays  closely  united  edge  to  edge,  and  arranged  like  the  fulcra  at  the  base 
of  the  external  rays  of  the  caudal  fin  of  recent  fishes.  That  is,  the  first 
very  short ;  those  succeeding,  increasing  very  regularly  in  length  to  the 
last,  which  forms  the  apex  of  the  spine.  The  obliquely  truncated 
extremities  of  these  rods  form  a  continuous  sharp  edge,  which  is  coated 
with  enamel,  and  may  be  straight,  or  interrupted  with  low  knobs.  The 
former  kind  belongs  probably  to  Portheus  and  the  latter  to  Ichthyodectes, 
It  is  nearly  related  in  character  to  the  spines  of  Edestes,  the  enamel  coated 
knobs  of  Ichthyodectes  rising  into  veritable  teeth  in  the  carboniferous 
genus.  These  spines  are  unsymmetrical,  and  belong  either  to  the  pectoral 
or  ventral  fins.  To  which  they  should  be  referred,  it  is  not  now  easy  to 
decide.  The  living  allies  of  the  Saarodontidoi  do  not  possess  ventral 
spines,  nor  do  they  exist  in  Physostomous  fishes.  In  the  Siluroids,  the 
pectoral  fins  are  supported  by  strong  spines,  which  remotely  resemble 
the  present  ones  in  their  compound  character. 

Third.  There  are  numerous  flat,  more  or  less  curved,  spines  or  rays,  of 
small  diameter  compared  with  the  length.  One  surface  is  covered  with  a 
thin,  generally  striate-grooved  layer  of  enamel,  and  one  edge  is  trenchant. 
One  side  of  this  edge  is  more  or  less  obtusely  rugose,  or  thickened. 

*  See  Hayden's  Report,  I.e. ,  p.  423,  where  this  view  is  held. 
A.    P.    S. — VOL.    XII. — 2p. 
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These  rays  tliin  out  to  the  extremity,  which  in  some  cases  at  least  is  not 
contracted.  These  rays  are  composed  of  appressed  halves,  are  unsym- 
metrical  with  basal  hook,  and  belong  no  doubt  to  paired  fins.  If  those 
already  described  are  pectoral,  these  are  ventral,  and  vice  versa,  A  series 
of  them  found  together  had  much  the  form  of  either  of  these  fins,  while 
their  number  would  identify  them  with  the  ventral.  In  the  rays 
found  together,  the  first  only  had  a  trenchant  outer  margin,  while 
several  had  a  rabbet  along  one  side  of  the  posterior  margin.  I  have 
already  described  such  a  spine  as  pertaining  to  the  pectoral  fin  of  Ichiliyo- 
dectes  prognathus. 

The  certebrce  in  all  the  species  certainly  assignable  to  this  group,  are 
where  known,  deeply  two-giooved  on  each  side,  besides  the  pits  for  the 
insertion  of  neurapophyses  and  pleurapophyses,  except  in  the  cervical 
region  where  the  lateral  grooves  are  wanting.  There  are  no  diapophyses. 
The  caudal  vertebraB  are  rather  numerous  but  not  so  much  so  as  in  Amia, 
nor  are  they  so  much  recurved  as  in  that  genus. 

Until  the  structure  of  the  posterior  cranial  roof  and  of  the  scapular  arch 
are  fully  made  out,  it  is  premature  to  state  precisely  the  affinities  of  this 
family.  So  far  as  known  they  are  Isospondyli  with  some  characters  of 
the  Salmonidce,  and  some  of  other  significance.  The  large  foramen 
behind  the  prootic  bone  is  more  Clupeoid  in  chai-acter.  The  femoral  bones 
are  more  like  those  of  the  Plectospondyli,  dividing  in  a  measure  characters 
of  the  Cyprinidce  with  those  of  the  Mormyridce,  The  vertebrae  are 
Clupeoid,  while  the  mode  of  implantation  of  teeth  is  peculiar. 
Synopsis  of  Genera. 

I.  Jaws  without  foramina  on  the  inner  face  of  the  alveolar  margin. 
Teeth  of  unequal  lengths  in  the  maxillary  and  dentary  bones.. P<?r^^M«. 
Teeth  of  unequal  lengths,  cylindric Ichthyodectes. 

II.  A  series  of  foramina  on  inner  side  of  alveolar  wall. 

Teeth  with  sub-cylindric  crowns Saurodon, 

Teeth  with  short  compressed  crowns Saurocephalus. 

There  are  some  other  forms  to  be  referred  to  this  family,  whose  char^ 
acters  are  not  yet  fully  determined.  Thus  Hypsodon  Agass.,  from  the 
European  chalk  is  related  to  the  two  genera  first  named  above,  but  as 
left  by  its  author  in  the  Poissons  Fossiles,  includes  apparently  two  generic 
forms.  The  first  figured  and  describedj  has  the  mandibular  teeth  of 
equal  length.  In  the  second  they  are  unequal,  as  in  Portheus,  to  which 
genus  this  specimen  ought,  perhaps,  to  be  referred.  Both  are  Physos- 
tomous  fishes,  and  not  related  to  the  Sphyrcenidce,  where  authors  have 
generally  placed  them.  Retaining  the  name  Ilypsodon  for  the  genus  with 
equal  mandibular  teeth,  its  relations  to  Ichthyodectes  remain  to  be  deter- 
mined by  further  study  of  the  //.  levesiensiH. 

A  species  of  Ichthyodectes,  from  the  chalk  of  Sussex,  England,  is  figured 
but  not  described,  by  Dixon,  in  the  Geology  of  Sussex. 

A  number  of  forms,  erroneously  referred  by  Agassiz  and  Dixon,  to 
±he  genus  Saurocephalus,  have  been  referred  by  Leidy  to  a  genus  he  calU 
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ProtospJiyrcsnay*  with  two  species,  P.  ferox  and  P.  striata.  The  latter 
■much  resembles  a  Saurocephalus,  having  equal  teeth  ;  while  the  former 
probably  includes  several  species,  and  possibly  genera.  The  teeth  first 
referred  to  it  resemble  those  of  P.  striata,  while  others  resemble  those  of 
Portheus.  An  examination  of  the  figures  of  the  mandibles  of  the  last  in 
Dixon's  work,  show  that  the  large  and  small  teeth  occupy  different  areas, 
separated  by  grooves  in  a  manner  quite  distinct  from  anything  seen  in 
Portheus  ;  but,  should  it  prove  identical,  it  can  scarcely  be  regarded  as 
typical  of  ProtosphyrcBTha,  which  name,  moreover,  has  never  been  accom- 
panied by  the  necessary  description. 

Dr.  Leidy  applied  the  name  of  Xiphactinus  to  a  genus  indicated  by  a 

spine,  in  some  degree  like  those  regarded  above  as  ventrals  of  Sauro- 

dontidcB.     It  is  quite  distinct  from  those  assigned  to  Portheus  and  Ichthy- 

odectes,  and  may  belong  to  SaurocepJialus,  as  already  suggested,  or  to 

.  another  genus. 

PORTHEUS.  Cope. 
(Proceed.  Amer.  Philos.  Soc,  1871,  p.  173.) 
Teeth  subcylindric,  without  serrate  cutting  edges,  occupying  the  pre- 
maxillary,  maxillary  and  dentary  bones.  Sizes  irregular,  the  premaxil- 
lary,  medium  maxillary  and  anterior  dentary  teeth  much  enlarged.  No 
foramina  on  inner  face  of  jaws.  Teeth  on  the  premaxillary  reduced  in 
number.  Opercular  and  preopercular  bones  very  thin.  Cranial  bones 
not  sculptured. 

The  fishes  of  this  genus  were  rapacious,  and,  so  far  as  known,  of  large 
size.  They  constitute  the  most  formidable  type  of  Physostomous  fishes 
known.  Three  species  are  known  to  the  writer,  one  from  teeth  only, 
from  the  Miocene  of  North  Carolina,  but  not  certainly  known  to  be  an 
intrusive  cretaceous  fossil ;  and  two  from  Kansas.  The  latter  are  rep- 
resented by  more  or  less  numerous  fragments  of  eleven  individuals, 
three  of  which  possess  large  portions  of  the  cranium,  one  almost  entirely 
.  complete.  Two  of  the  remainder  embrace  jaws,  and  one  a  large  part  of 
the  vertebral  column,  with  segmented  rays.  In  one,  these  rays  were 
found  with  the  cutting  compound  ray  above  described  ;  while  the  simple 
flat  ventral  rays  occur  with  several  specimens.  In  none  have  any  traces 
of  symmetrical  spinous  rays  been  found,  nor  strong  interneurals  capable 
of  supporting  such.  In  none  of  the  more  perfect  specimens  with  crania 
have  the  segmented  always  been  found,  but  the  fossil  of  P.  thaumas, 
where  they  occur,  is  represented  by  a  vertebral  column  and  its  append- 
ages, which  do  not  differ  appreciably  from  those  of  P.  molossus. 

In  the  cranium  of  this  genus,  there  is  a  well-marked  supraorbital  rim. 
Each  opisthotic  forms  a  prominent  angle,  directed  posteriorly  on  each 
side  of  the  exoccipital.  The  parasphenoid  is  a  stout  and  narrow  bone, 
deeply  emarginate  behind,  for  the  passage  of  the  muscular  canal.  It  has 
a  transverse  expansion  in  front  of  the  base  of  the  prootic,  which  rests  on 
..a  backward  continuation  of  the  same.     This  expansion  is  pierced  behind 

*  Trans.  Amer.  Philos.  Soc. ,  1856. 
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by  two  round  foramina.  The  shaft  is  abruptly  contracted  in  front  of  the 
expansion,  and  is  trigonal  in  section.  The  prefontal  extends  do^vn- 
wards  and  forwards,  and  carries  inferior  and  anterior  articular  faces; 
the  latter  vertically  transverse.  The  postero-inferior  portion  of  the 
ethmoid  bears  on  its  posterior  extremity  a  concave  articular  face,  which 
opposes  that  of  the  prefrontal.  The  floor  of  the  brain-case  in  front  is. 
supported  by  a  vertical  style,  which  is  bifurcate  above,  and  rests  on  the 
parasphenoid. 

Of  the  teeth,  in  general,  it  may  be  added  that  their  pulp  cavity  is  rather 
large  at  the  base,  but  rapidly  diminishes  in  the  crown.  The  mode  of 
succession  is  by  direct  displacement  from  below.  The  young  crown  rises 
into  the  pulp  cavity,  and  destroys  the  vitality  of  the  crown,  while  the 
root  is  absorbed.  Numerous  empty  alveoli  are  to  be  found  in  all  the 
jaws  of  this  genus,  in  which  examination  will  often  detect  the  apex  of 
the  crown  of  the  young  tooth. 

The  vertebrcB  in  this  genus  are  rather  short,  but  not  so  much  so  as  in 
sharks.  In  P.  thaumas,  nearly  eighty  dorsals  and  caudals  wei-e  prcr 
served  ;  those  without  lateral  grooves,  or  cervicals,  are  not  numerous. 
There  are,  perhaps,  not  more  than  four  vertebrae  supporting  the  caudal 
fin,  though  this  is  difficult  to  determine,  owing  to  the  concealment  of  the 
terminal  centra  by  bases  of  radii.  There  are  seven  heemapophyses  in  the 
support,  all  flat  except  the  first,  which  is  like  those  anterior  to  it.  The 
second  is  articulated  freely  to  its  centrum,  and  is  wider  than  the  others. 
Its  condyle  is  characteristic,  being  double,  and  with  a  foramen  between 
it  and  the  produced  extremity  of  posterior  margin  of  the  bone.  It  is 
slightly  separated  distally  from  the  third,  but  the  remainder  are  in  close 
contact.  The  radii  of  the  superior  lobe  of  the  caudal  fin  extend  at  least 
as  far  down  as  near  the  end  of  the  third  haemal  spine  from  below.  The 
structure  of  these  parts  in  the  P.  molossus,  are  as  in  P.  thaumas,  so  far  as 
preserved. 

As  some  of  the  spities  are  not  referable  to  their  precise  species  in  this 
genus,  they  may  be  described  here.  A  large  compound  spine  found  in 
the  blue  limestone  shale  in  Fossil  Spring  Canon,  is  composed  at  the  base 
of  about  twenty-six  narrow  double  rods.  A  few  appear  between  the 
others  beyond  the  base  making  thirty-one  altogether.  They  are  very 
oblique  to  the  general  base,  but  curve  so  as  to  become  nearly  straight, 
and  enlarge  distally.  They  terminate  in  a  thickened  portion  which  bears, 
an  acute  edge,  which  truncates  them  obliquely,  forming  the  cutting  edge 
of  the  spine.  This  portion  is  enamelled  ;  the  edge  is  slightly  convex  at 
the  base,  and  slightly  concave  at  a  point  probably  beyond  the  middle. 

M. 

Length  of  fragment  (12  inches) 0.30 

Width  at  base 12 

Thickness  at  base 012 

Thickness  at  broken  end  an  inch  from  edge 007 

This  is  a  formidable  weapon  and  could  be  readily  used  to  split  wood  in 
its  fossilized  condition. 
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Tlie  third  form  of  spine  is  represented  in  most  of  the  species,  but 
one  series  of  rays  with  spine  may  not  be  referable  to  any  of  them.  The 
latter  is  flat  and  curved,  the  convex  edge  trenchant  beyond  the  middle. 
The  posterior  edge  is  obtuse  but  narrow,  and  exhibits  a  slight  groove  on 
one  side  medially ;  proximally  there  is  a  shallow  rabbet  whose  floor  is 
transversely  rugose.  Several  layers  of  the  tissue  of  the  spine  beyond  the 
l^asal  portion  are  delicately  longitudinally  striate.  The  distal  half  is 
broken  away  ;  length  of  fragment,  one  foot ;  width,  1.5  inches  ;  tliickness 
at  middle,  5  lines. 

The  species  of  tliis  genus  may  be  distinguished  as  follows  : 

a.  Teeth  without  acute  edges. 

Large  maxillaries  five  ;  second  premaxillary  larger  than  the  flrst ;  third 
mandibular  large,  behind  a  cross-groove  ;  last  large  mandibular  followed 
by  16, — 8  small  teeth P.  molossus. 

Large  maxillaries,  three  ;  first  pi*emaxillary  larger  than  second  ;  third 
mandibular  small,  no  cross-groove  in  front  of  it ;  twenty  small  teeth  be- 
hind last  large  mandibular P.  thaumas, 

aa,  Large  teeth  with  cutting  angle  in  front. 

Teeth  large,  not  compressed P.  angulatus. 

PORTHEUS   MOLOSSUS.      CopC. 

(Proc.  Amer.  Philos.  Soc,  1871,  p.  173.) 
Represented  by  four  individuals,  one  from  Fox  Caiion,  near  Fort  Wal- 
lace, with  complete  cranium,  and  many  vertebrae  and  radii ;  a  second  from 
another  part  of  the  same  ravine  with  large  part  of  cranium,  and  a  third 
and  fom-th  from  lower  Butte  Creek  bluffs,  both  with  fragments  of  cranium 
and  other  portions.  In  the  first  specimen  the  jaws  are  perfect  and  denti- 
tion complete. 

The  pre7naxillary  isYerticallj  ovaA,  convex  externally,  nearly  flat  within, 
and  more  than  half  underlaid  by  an  anterior  lamina  of  the  maxillary, 
The  anterior  or  median  margin  is  regularly  convex  and  exliibits  no  sur- 
face or  suture  for  union  with  the  bone  of  the  opposite  side.  Its  posterior 
margin  extends  obliquely  backwards  to  beneath  the  superior  articular 
condyle  of  the  maxillary  and  has  a  ragged  margin,  though  the  suture  is 
squamosal.  Its  superior  margin  is  deeply  inflected  in  front  of  the  con- 
dyle and  then  convex  and  thickened.  The  anterior  margin  is  thick  and 
rugose  with  tubercular  exostoses.  There  are  but  two  teeth,  which  are 
very  large,  and  directed  obliquely  forward ;  the  first  is  two-thirds  the 
diameter  of  the  second. 

The  maxillary  is  a  large  laminiform  bone,  with  the  upper  margin  con- 
siderably thickened  proximally  but  much  thinned  distally.  It  is  abruptly 
contracted  at  the  distal  two-thirds  its  length,  apparently  for  the  attach- 
ment of  a  supernumerary  bone.  The  extremity  is  curved  sabre-shape 
upwards,  and  has  an  acute  toothless  edge.  The  teeth  are,  four  small,  five 
large,  and  eighteen  small.  These  teeth,  except  the  largest,  have  cylindric 
bases ;  the  crowns  (and  bases  of  the  latter)  are  slightly  compressed  or 
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oval ;  they  are  straight  and  regular,  and  lean  hackwards.  The  middle  one 
of  the  five  is  largest,  being  six  times  as  long  as  the  small  ones,  but  little 
more  than  half  as  long  as  the  large  premaxillary  or  mandibular.  The  sur- 
face of  the  maxillary  is  rugose  with  small  tubercles  on  its  lower  half^  and 
has  shallow  grooves  for  nutritious  vessels  running  downwards  and  for- 
wards. 

The  mandibular  rami  are  short  and  deep,  and  have  but  little  mutual 
attachment  at  the  symphysis.  They  are  not  incurved  at  that  point, 
and  were  bound  by  ligament  only.  There  is  no  coronoid  bone  and  the 
articular  is  distinct.  It  is  short,  of  a  rather  irregular  wedge  shape,  and 
supports  half  the  cotylus,  above  which  it  sends  a  short  acuminate  process. 
The  angular  has  a  prominent  angle,  like  half  an  ellipse  somewhat  con- 
tracted at  the  base  ;  below  it  has  a  rough  prominent  muscular  insertion.. 
The  bone  extends  in  a  long  sword-shaped  process,  on  the  inside  of  the 
ramus  to  beyond  its  middle ;  externally,  it  is  soon  covered  by  the  thin 
truncate  edge  of  the  dentary.  This  element  is  very  large.  From  the  an- 
gular it  rises  steeply  to  a  coronoid  process,  which  has  a  slight  outwardly 
twisted  eminence,  and  then  follows  a  gently  concave  line  to  the  symphysis, - 
The  teeth  are  as  follows :  two  large,  a  transverse  groove ;  three  large, 
four  very  small,  nine  medium,  and  two  very  small ;  total  twenty.  These 
teeth  have  straight  cylindric-conic  cro-vvns,  with  enamel  without  striae  or 
facets.     The  larger  are  a  little  compressed. 

Measurements  of  Jaws  and  Teeth, 

M. 

Length  premaxillary  bone 007 

Depth  ''  "•      093 

Thickness  on  alveolar  margin 016 

Length  crown  of  second  tooth 046 

Diameter  do.  at  base .014 

Length  maxillary  bone  from  premaxillary 270 

Depth  "  at  condyle 08 

**  "  at  middle 046 

Length  crown  third  large  tooth > 028 

Diametev  do.  at  base Oil 

Length  crown  second  small  tooth  from  large 006 

Diameter  do.  at  base 004 

Length  ramus  mandibuli 350 

**        of  angle 04 

"        of  angular  bone  anteriorly 08 

Depth  at  coronoid  process — 112 

"      at  fourth  tooth 08 

Length  crown  first  tooth 038 

Diameter  do.  at  base Oil 

Length  crown  fourth  tooth — 055 

Diameter  do.  at  base 016 

The  opercular  hones  are  thin  ;  the  operculum  broad,. the  preoperculum. 


Digitized  by 


Google 


1872.]  ^^^  [Cope. 

rather  narrow.  The  latter  is  without  armature,  and  has  some  depressed 
grooves  radiating  towards  the  circumference.  Length  of  bone  vertically, 
M.  .245  ;  radius  from  inner  curve,  .09. 

The  vertebrcB  display  deep  lateral  grooves ;  articular  faces  smooth. 
Length  centrum,  M.  .028  ;  diameter,  .043.  The  fan-shaped  haemal  spines, 
or  second  of  the  caudal  fin  is  like  that  of  P.  thaumas,  but  smaller.  The 
last  caudals  contract  in  size  very  rapidly  ;  the  cup  of  the  penultimate  or 
last  is  transverse  diamond  shaped. 

The  fragments  of  the  sabre-shaped  spine  display  several  layers  of  par- 
allel striate  dense  bone,  and  the  edge  is  tubercularly  dentate,  and  one 
side  is  much  more  rugose  than  the  other.  At  the  base,  one  side  is  flat ; 
the  other  convex,  and  there  is  a  transversely  rugose  band  near  one  edge. 

The  scales  are  thin  and  cycloid,  and  though  large  are  not  remarkably 
so  for  the  size  of  the  fish. 

Measurements  of  Cranium, 

M. 

Length  from  angle  of  opisthotic  to  anterior  extremity 
of  ethmoid 0.30 

Length  from  same  to  front  of  prootic 11 

**  "    postfrontal  to  prefrontal  across  orbit 11 

**            **    occipital  condyle  to  transverse  process  of 
parasphenoid 117 

Length  from  do.  to  bottom  parasphenoid  emargination    .055 
**        parietal  bone  on  outer  suture 07 

Width    do.    at  middle 014 

**         do.    to  edge  pterotic 07 

"         frontal  at  middle  orbit 04 

**         parasphenoid    do 03 

Length  inferior  quadrate - 10 

''        condyle  of   do 0.03 

"        symplectic 064 

The  gape  of  the  mouth  of  the  Portheus  molossus  extended  the  whole 
length  of  the  cranium  proper,  and  far  beyond  the  orbits,  since  the  max- 
illary reaches  to  opposite  the  occipital  condyle.  The  orbits  were  large. 
The  lower  jaw  was  deep,  and  gave  the  countenance  that  bull  dog  expres- 
sion from  which  it  derives  its  name.  The  body  was  short  or  moderately 
elongate.  As  materials  for  a  restoration  of  this  fish  exist,  I  will  give 
one  at  a  future  time. 

Portheus  thaumas.  Cope. 
(Saurocephalus  thaumas,  Cope.  Proceed.  Amer.  Philos.  Soc.,  1870,  No- 
vember.    Hayden's  Sui'vey,  Wyoming,  etc.,  1871,  p.  418.) 

This  large  species  rests  on  a  specimen  without  cranium,  originally 
procured  by  Professor  B.  F.  Mudge.  The  parts  preserved  are  not  distin- 
guishable from  the  corresponding  ones  in  two  individuals  obtained  by 
myself  in  Western  Kansas,  which  include  the  greater  portions  of  the  jaws 
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and  su.spensorial  apparatus.  These  indicate  larger  animals  than  those  of 
P.  rnolo8SU8y  and  probably  indicate  the  most  powerful  of  the  Physosto- 
mous  fishes,  e<iualing  in  this  respect  many  of  the  saurians  which  were 
their  contemporaries. 

The  distinguishing  features  of  the  species  have  been  already  pointed 
out. 

The  premajrillary  is  an  obliquely  oval  bone  or  subpentagonal ;  the 
suture  with  the  maxillary  is  not  toothed,  and  the  anterior  or  free  edge  is 
smooth,  not  tubercular  as  in  two  specimens  of  P.  7uolo88U8,  There  are 
but  two  teeth,  of  which  the  anterior  is  immense,  and  the  second  little 
more  than  half  its  diameter.  The  maxillary  is  stout,  and  supports  in 
front  four  very  small  teeth,  then  three  very  large,  of  which  the  median 
is  largest.  The  teeth  recommence  very  small  and  closely  placed  in  the 
same  line  ;  but  as  the  extremity  of  the  maxillary  is  lost,  the  number 
cannot  be  stated. 

The  dentary  is  similar  in  form  to  that  of  P.  violossus,  but  has  rather 
more  numerous  teeth.  Counting  from  the  front  there  are  two  large,  one 
rather  small,  two  large,  and  eighteen  small  and  medium  following,  the 
smallest  from  third  to  ninth,  inclusive.  None  of  the  crowns  are  pre- 
served, but  the  alveoli  are  round  or  nearly  so.  The  large  tooth  of  the 
premaxillary  if  proportioned  as  in  P.  molossus  must  have  projected  M. 
.0730,  or  three  inches  above  the  alveolus  ;  the  fourth  mandibular  was  but 
little  smaller. 

M€a8urement8  of  Jaits, 

M. 

Length  premaxillary 075 

Depth  "  09 

Depth  maxillary  at  condyle 08 

Thickness     "      just  behind  condyle 025 

Length  dentary 25 

Depth        **        at  symphysis 08 

The  various  jxjrtions  of  cranial  bones  preserved  are  much  like  those  of 
P.  molossus,  but  stouter.  The  hyomandibular  is  nfearly  perfect :  it  is 
thin,  but  has  a  convex  rib  extending  to  its  acuminate  extremity  at  the 
posterior-inferior  angle  of  the  metapterygoid  and  the  superior  extremity 
of  the  symplectic.  The  preoperculum  is  attached  by  a  thickened  grooved 
margin,  and  is  not  overlapi>ed  by  the  hyomandibular.  It  extends  in  a 
curved  form  round  towards  the  angle  of  the  inferior  quadrate.  Three 
elongate  bones,  closely  appressed,  I  suspect  to  be  part  of  this  bone,  with 
interoperculum  and  superior  ceratohyal.  The  last  is  rather  narrow, 
and  with  smooth  distal  articular  surfaces,  without  sutui'e.  The  superior 
branchihyals  are  a  little  like  plialanges  of  Mosasaurus  in  form,  being 
sub-similar  and  expanded  at  the  ends,  and  quite  alternated.  The  para- 
sphenoid  is  similar  to  that  of  P.  molo8SU8.  The  position  of  the  hyo- 
mandibular is  vertical  to  the  axis  of  the  basioccipital ;  the  superior  part 
directed  forwards. 
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M. 

Length  basioccipital  to  end  muscular  foramen 0.077 

**        hyomandibular 26 

**        inferior  quadrate  (oblique) 113 

**        condyle  of  quadrate 036 

"        preopercurlum  preserved 035 

A  portion  of  one  of  the  flat  unsegmented  spines  preserved  exhibits  an 
irregular  rabbet  on  each  edge  of  one  side  ;  width,  .042  M.  The  sclerotic 
bones  are  as  already  described. 

A  second  specimen  is  still  stouter  in  proportions,  as  the  following  meas- 
urements show : 

M. 

Diameter  maxillary  condyle, 034 

Diameter  maxilla  above,  behind  condyle 033 

Length  angle  jaw  (exteriorly) 056 

Diameter  parasphenoid  at  middle  of  preotic 03 

Diameter  dorsal  vertebra  (crushed) 067 

The  diameter  of  the  vertebra  must  be  a  little  connected  by  reduction. 

The  largest  fish  vertebi-ae  obtained  may  be  here  mentioned.  They  are 
peculiar  in  having  numerous  concentric  grooves  on  the  articular  faces,  as 
in  hchyrliiza.  They  are  otherwise  as  in  this  genus.  Length,  M.  04 ; 
diameter,  .062. 

A  peculiarity  of  dentition  is  observable  in  the  two  specimens  first  de- 
scribed, and  in  less  degree  in  P.  molossus.  A  considerable  number  of 
alveolae  support  no  functional  teeth  (though  included  in  the  enumera- 
tion), but  are  occupied  at  some  point  by  successional  teeth.  In  some 
cases  the  mouth  of  the  alveolus  appears  to  be  narrowed  by  ossification, 
even  where  the  tip  of  the  young  tooth  is  in  sight ;  in  one  case  so  far  de- 
veloped as  to  close  up  to  the  projecting  apex.  In  other  cases  the  orifice 
is  entirely  stopped  by  the  ossification,  which  presents  the  appearance  of 
a  scar,  with  radiating  lines  of  pores. 

The  type  specimen  was  discovered  in  a  denuded  area  among  the  lower 
bluffs  of  Butte  Creek.  The  flat  cranial  and  jaw-bone  occupied  the  sum- 
mit of  a  cone  of  twenty  or  more  feet  in  height,  a  relic  of  the  ancient  blue 
limestone  spared  froln  the  surrounding  denudation.  The  flat  bones  had 
shed  off  the  water,  which,  running  off  on  all  sides,  had  formed  the  cone. 
The  second  specimen  came  from  the  Fossil  Spring  Canon,  near  the 
remains  of  Liodon  curtirostris, 

POKTHEUS  ANGULATUS.      CopC. 

The  crown  of  the  tooth  which  indicates  this  species  is  slender,  com- 
pressed, and  curved  backwards,  and  a  little  inwards.  The  circumference 
is  divided  by  two  edges,  the  anterior  acute,  the  posterior  obtuse  ;  the 
convex  faces  separated  by  these  are  not  equal,  that  towards  which  the 
crown  is  curved  laterally,  i.  e.,  the  inner,  being  somewhat  more  extensive, 
and  considerably  more  convex.  , 
A.  p.  8. — VOL.  XII. — 2q. 
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Enamel  smooth,  without  sculpture ;  anterior  cutting  edge  without 
crenations,  more  curved  backwards  than  the  posterior,  which  has  but 
little  curvature.     Inward  curvature  slight. 

Lines. 

Diameter  (anteroposterior)  at  middle  crown 5 

"        transverse  at  middle  crown 4 

**  **  neartip 3 

**        anteroposterior,  near  tip 2 

Discovered  by  Prof.  C.  Kerr,  State  Geologist  of  North  Carolina,  in  the 
Miocene  marl,  Duplin  Co.,  North  Carolina,  with  Polygonodon  rectus,, 
and  Ischyrhiza  anticiua,  Leidy. 

ICHTHYODECTES.     Cope. 

{Proceed,  Afner.  Philos.  Soc,  1870,  Xoc.     Haydeti's  Geol.  Survey,  Wy- 
oming,  etc.,  1871,  p.  421.) 

Teeth  equal  subcylindric,  in  a  single  row,  sunk  in  deep  alveoli.  Pre- 
maxillaries  short.  No  foramina  at  the  bases  of  the  teeth  on  the  inner 
alveolar  walls.     Vertebi-se  deeply  grooved  laterally. 

The  species  of  this  genus  are,  so  far  as  known,  smaller  than  those  of 
the  last ;  and  as  their  remains  are  more  perishable  than  those,  they  form 
a  less  striking  object  among  the  fossils  of  Kansas.  They  are  neverthe- 
less, very  abundant,  especially  in  species,  five  of  which  are  now  described. 
In  originally  describing  this  genus,  *  the  vertebras  were  regarded  as  not 
grooved,  in  consequence  of  such  vertebrae  having  been  discovered  along 
with  the  bones  and  teeth  of  L  ctenodon.  Further  examination  has  satisfied 
me  that  this  imion  is  erroneous,  and  that  the  bones,  if  found  together, 
were  accidentally  so. 

Spines  similar  to  those  of  the  PortJiei,  but  presenting  certain  differ- 
ences, may  be  referred  to  this  genus.  The  compound  segmented  spines 
cannot  be  ascribed  to  it,  but  the  compound  fulci-um-like  spines  are  similar, 
though  composed  of  fewer  and  stouter  rods.  Each  of  these,  as  it  termi- 
nates at  the  cutting  edge,  give  rise  to  a  projection,  giving  it  an  obtusely 
and  remotely  serrate  character.  It  is  rugose  with  enamel  deposit,  and 
constitutes  as  eftective  a  weapon  of  defense  as  that  of  Portheus,  One, 
which  is  nearly  perfect,  contains  fifteen  pairs  of  rods,  which  expand  at 
the  base,  as  do  the  rays  of  a  pectoral  fin.  Total  length,  M.  .235  ;  width, 
at  base,  .04 ;  thickness  beyond  base,  .006. 

The  femoral  bones  have  already  been  described.  The  maxillary  is  not 
contracted  at  the  end  for  a  supemumary  bone,  as  in  Portheus, 

The  form  of  the  inferior  quadrate  is  like  that  of  Portheus  ;  in  I,  anaideSy 
the  groove  for  the  preoperculum  extends  low  down,  and  the  symplectic 
has  a  wider  exposure  on  the  outer  face  than  in  Portheus, 

In  a  series  of  vertebrae  similar  to  those  of  this  genus,  those  included  in 
the  basis  of  the  caudal  fin  are  not  more  than  three  in  number. 
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The  species  are  distinguished  as  follows  : 

Premaxillary  teeth  five  ;  second  most  prominent ;  max- 
illary not  concave ;  dentary  with  30  teeth  and  bi-convex 
alveolar  border,  with  obtuse  extremity J.  anaides. 

Premaxillaries  (?) ;  maxillary  straight,  large,  with  40 
teeth ;  dentary  straight,  not  produced  at  end ;  teeth  26. . . .       J.  ctenodon, 

Premaxillaries  five  ;  first  most  prominent ;  maxillary, 
narrow  concave ;  teeth  small ;  dentary  with  a  hook  at 
apex;  teeth  25 I.  hamatus, 

Premaxillaries  seven  ;  first  most  prominent,  compressed  ; 
smaller I,  prognathus. 

Premaxillaries  twelve  ;  second  most  prominent,  the  bone 
much  narrowed  above  ;  smaller J.  muUidentatua, 

The  English  species  of  this  genus  is  figured  by  Dixon  in  the  Geology  of 
Sussex,  pi.  xxxii.*,  figs.  9  and  9*.  I  can  find  no  letter-press  or  name  re- 
lating to  it,  and  cannot  determine  its  specific  characters  from  the  frag- 
mentary character  of  the  piece  of  mandible  figure. 

ICHTHYODECTES  ANAIDES.      Cope.    8p.    UOV. 

Indicated  by  two  individuals,  one  with  both  dentary  bones  and  teeth, 
with  vertebrae,  the  other  with  many  portions  of  cranium,  fin  rays,  verte- 
brae, and  other  elements  more  or  less  separated.  The  latter  were  all  taken 
from  the  upper  face  of  a  spur  of  a  limestone  bluflf,  elevated  about  five 
feet  from  the  ground  level,  where  they  were  denuded  and  exposed  as  on  a 
table,  prepared  for  the  use  of  the  geologist. 

It  is  the  largest  species  of  the  genus,  and  the  anterior  premaxillary 
teeth  are  larger  than  the  posterior.  The  premaxillaries  are  oblique  ovoids, 
very  convex  on  the  external  face,  thinning  laterally  and  above.  The 
superior  margin  presents  a  thickening,  bearing  an  articular  surface,  while 
behind  it  is  an  open  gutter-like  inflexion.  The  large  teeth  are  quite 
cylindrical.  Both  these  bones  are  preserved.  But  part  of  the  right  Tnax- 
illary  remains.  It  is  thickened  above  in  front  of  the  condyle  and  is  regu- 
larly convex  at  that  point.  The  teeth  are  small,  there  being  10.5  in  an 
inch.     The  margin  is  not  concave. 

The  mandibular  rami  are  preserved  almost  entire.  They  are  short  and 
deep,  and  have  a  short  angular  process,  which  is  relatively  shorter  than  in 
Portheus.  The  margin  rises  steeply  to  the  dentary,  which  presents  a 
narrowed  rectangle  behind.  The  alveolar  margin  has  two  convexities 
with  a  depression  between  ;  the  symphyseal  angle  is  not  prominent.  The 
lower  posterior  angle  of  the  dentary  is  quite  prominent  for  muscular  in- 
sertion. The  crowns  of  the  teeth  are  cylindric,  slightly  curved  inwards. 
The  dentary  bones  of  the  second  specimen  eoincide  with  these  in  all 
respects. 

Thirty-three  vertebrcs  are  preserved,  all  deeply  two-grooved  on  the  sides. 
The  ribs  are  articulated  by  a  sigmoid  surface  to  a  broad  short  element  of 
a  sigmoid  form  which  is  inserted  in  the  lateral  groove  of  the  inferior  face, 
or  articulated  by  gomphosis. 
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The  spines  already  noticed  are  quite  flat,  without  serrate  edge,  but  with 
some  rugosities  near  the  edge  on  one  side  only.  There  are  no  grooves  on 
the  upper  side,  but  the  dense  bone  is  delicately  striate  ;  distally  grooved. 

Measurements, 

M. 

Length  premaxillary 0.033 

Depth  **        0.045 

Depth  maxillary  at  condyle 037 

Thickness  "         just  behind  condyle 012 

Length  mandibular  ramus 1T2 

**         angular  process •. . .  .014 

Depth  at  coronoid  process 058 

**       **  symphysis - 041 

Length  of  eight  vertebraB 212 

Width  of  articular  face 030 

''       "  a  rib 004 

**      flat  spine  at  middle 025 

Length        **      (fragment) 155   , 

"        condyle  inferior  quadrate 02 

The  scales  associated  with  this  species  were  thin  and  cycloid,  and  dif- 
ficult to  preserve. 

From  near  the  Smoky  Hill  River,  Kansas. 

ICHTHYODECTES  CTENODON.   Cope. 

(Proc.  Amer.  Philos.  Soc,  1870,  Nov.    Hayden's  Geol.  Surv.,  Wyoming, 
etc.,  1871,  p.  421  part.) 

Found  by  Professor  Mudge  on  the  North  Fork  of  the  Smoky  Hill  River ; 
common  in  many  other  localities. 

ICHTHYODECTES  HAMATUS.      CopC.  Sp.  nOV. 

Represented  by  a  considerable  number  of  remains  of  an  individual 
from  the  blue  cretaceous  shale  near  Russell  Spring,  on  the  Smoky  Hill 
River. 

The  characters  which  distinguish  this  species  from  7.  anaides,  are 
numerous,  but  they  are  less  marked  when  compared  with  those  of  /.  den- 
odon,  partly  because  the  premaxillary  bones  of  the  latter  have  not  been 
preserved.  In  the  first  place,  the  dentaiy  bones  of  the  two  are  of  equal 
length  and  support  the  same  number  of  teeth ;  it  is  concave  at  the  prox- 
imal part  of  the  tooth  line,  but  is  straight  in  the  corresponding  part  of 
L  ctenodon.  The  end  of  the  dentary  is  furnished  with  a  strong  obtuse 
process  or  hook,  directed  upwards  and  forwards,  not  seen  in  J.  ctenodon. 
The  maxillary  behind  the  premaxillary  is,  in  this  species,  thickened,  and 
with  two  articular  surfaces,  the  proximal  looking  outwards,  the  distal 
inwards  and  separated  by  an  oblique  ridge  from  the  condyle.    In  L  ctenodon 
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there  is  but  one  smooth  surface  gradually  narrowing  with  the  thinning  of 
the  bone  from  the  condyle. 

The  premaxillary  is  less  extended  antero-superiorly  than  in  the  species 
already  described,  but  supports,  as  in  it,  an  articular  face.  There  is  no 
groove  behind  it,  as  in  7.  anaides  and  Fortheus.  It  displays  a  surface  for 
osseous  articulation  to  near  its  extremity  on  the  inner  side,  while  below 
it,  and  on  the  external  face,  near  the  basis  of  the  first  and  second  teeth, 
the  surface  is  rugose  ;  maxillary  teeth  43.  The  dentary  supports  25.  The 
anterior  hook  is  obtuse,  and  rises  abruptly  to  above  the  apices  of  the 
crowns  of  the  teeth.  It  is  knobbed  above,  and  supports  a  tooth  not 
larger  than  the  others. 

All  the  cranial  bones  preserved  are  not  sculptured. 

Portions  of  the  thin  flat  spines  display  the  delicately-grooved  striation 
already  observed,  while  the  trenchant  edge  is  bordered  on  one  side  by 
raised  longitudinal  striae.     The  other  side  is  minutely  pitted. 

The  vertebrae  are  anterior,  and  without  lateral  grooves.  Three  of 
them  are  M.  .06  in  length  ;  an  undistorted  one  is  a  little  wider  than  deep, 
and  the  cup  is  .026  across. 

Measurejnents, 

M. 

Length  ramus  mandibuli 0.174 

Depth  at  symphysis 055 

"         premaxillary  (oblique) 043 

Length  "  "        026 

Depth  maxillary  at  condyle 027 

"  "         behind  "     033 

"  **         near  middle 027 

Width  flat  spine 031 

This  species,  and  the  two  preceding,  were  not  very  unlike  in  size  ;  the 
two  following  are  smaller. 

ICHTHYODECTES  PROGNATHUS.   Cope. 

(Proceed.  Amer.  Philos.  Society,  November,  1870.  (Saurocephalus,)  Hay- 
den's  Geol.  Survey,  Wyoming,  etc.,  1871,  p.  417.) 

In  this  species  the  premaxillary  is  more  rhomboid  in  outline  than  in 
the  others,  and  is  less  convex  externally.  Of  its  more  numerous  teeth, 
the  first  is  not  larger  than  the  last,  differing  thus  from  all  others  of  the 
genus,  and  it  is  in  line  with  the  nearly  straight  anterior  margin  of  the 
bone.  It  is  more  compressed  than  in  the  other  species,  whence  I  origi- 
nally placed  it  in  Saurocephalus.  To  this  genus  it  does  not  belong,  as  the 
absence  of  marginal  alveolar  foramina  shows.  The  surface  of  the  bone 
is  peculiar  ;  in  a  minute  sculpture  of  impressed  lines,  or  lines  of  punctae. 
There  is  a  very  small  articular  surface  on  the  superior  extremity. 

From  the  North  Fork  of  the  Smoky  River. 
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ICHTHTODECTES  ifULTIDENTATUS.      Cope.      Sp.  nov. 

Here  we  liave  again  the  convex  premaxillary  of  the  larger  species,  with 
more  numerous  (12)  teeth  than  in  any  other  of  the  genus.  These  in- 
.crease  in  size  to  the  first  three,  the  last  being  small.  The  second  and 
third  are  about  equally  prominent,  and  more  so  than  the  first.  The  bone 
is  much  contracted  above,  there  being  an  excavation  on  the  anterior 
border  and  contraction  from  behind.  The  superior  edge  is  thin,  and 
without  trace  of  articular  surface.  Alveolar  edge  somewhat  rugose.  The 
maxillary  is  both  narrow  and  thin,  but  is  only  partially  preserved.  It 
bears  five  teeth  on  M.  .01.  One  of  these,  with  complete  crown,  displays 
a  longitudinal  angle  on  the  antero-interior  face. 

No  other  remains  were  preserved. 

M. 

Length  of  premaxillary 0.039 

Depth  **  (oblique) 023 

Length  of  tooth  line 025 

From  near  Fossil  Spring,  W.  Kansas. 

SAUROCEPHALUS.     Harlan. 

Leidy  has  pointed  out  the  mode  of  implantation  of  the  teeth  in  the 
typical  species  of  this  genus.  The  mode  of  succession  of  the  teeth  has 
not  yet  been  indicated,  but  is  well  displayed  in  a  specimen  of  the  jaw  of 
8,  arapahoviuSy  Cope.  It  is  known,  from  Harlan's  description,  that  a 
large  foramen  issues  on  the  inner  wall  of  the  jaw,  opposite  each  root. 
The  fractured  ends  of  the  specimen  exhibit  the  course  of  the  canal  which 
issues  at  this  foramen.  It  turns  abruptly  downwards  between  the  inner 
wall  of  the  jaw  and  the  fang  of  the  functional  tooth,  and  not  far  from 
the  foramen.  Its  course  is  interrupted  by  the  crown  of  the  successional 
tooth.     This  is  situated  obliquely  as  regards  the  long  axis  of  the  jaw. 

It  is  thus  plain  that,  the  successional  appearance  of  teeth  is  different 
in  this  genus  from  what  I  have  described  in  the  two  genera  preceding. 
In  them  the  foramen  is  wanting,  and  the  young  crown  rises  within 
the  pulp  cavity  of  the  functional  teeth,  as  in  the  Grocodilia,  In 
this  genus,  on  the  other  hand,  it  is  developed  outside  of  the  pulp 
cavity  and  fang  of  the  old  tooth,  and  takes  its  place  as  in  many 
Lacertilia  and  in  the  Pythonoynorpha,  by  exciting  the  absorption  of  the 
latter.  The  obconic  form  of  these  fangs  in  Saurocephalus  is  appropriate 
to  such  a  succession,  and  their  great  length  seems  to  preclude  the  nutri- 
tion of  the  young  tooth  from  their  bases.  The  use  of  the  foramina  on 
the  inner  face  of  the  jaw  is  thus  made  apparent,  viz.,  the  nutrition  of  the 
successional  teeth  from  without.  I  cannot  trace  the  canal  below  the 
crown  of  the  young  tooth  to  the  base  of  the  pulp  cavity  of  the  old  tooth  ; 
and  there  are  canals  in  the  jaw,  below  the  latter,  one  of  which  probably 
carried  the  dental  artery. 

Species  of  this  genus  are  less  abundant  in  the  part  of  Kansas  examined 
by  me  than  those  of  the  preceding  genera.  Two  only  have  been  observed 
up  to  the  present  time,  as  follows  : 
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Saurocephalus  phlebotomtjs.    Cope. 
^(Proceed.  Am.  Philos.  Society,  Nov.,  1870.   Hayden's  Geology,  Wyoming, 
etc.,  1871,  p.  416.) 
Solomon  River  Region.    Prof.  Miidge. 

Saurocephalus  arapahovius.    Cope. 

Established  on  a  portion  of  a  maxillary  bone,  with  a  part  of  a  suture, 
perhaps  for  attachment  to  a  supernumerary  maxillary.  The  size  of  the 
species  is  nearly  that  of  S.  lanciformis,  and  the  crowns  of  the  teeth  are 
rather  short,  as  in  that  species,  and  less  elongate  than  in  8,  phlehotomus. 
The  teeth  are  very  closely  set,  and  the  alveoli  are  separated  by  very  nar- 
row septa.  The  crowns  are  expanded,  so  that  the  edges  overlap  in  some 
cases.  The  form  of  these  is  much  compressed,  width  about  equal  to 
height,  the  edges  convex  and  acute.  The  enamel  is  smooth  and  without 
facets.  The  roots  are  without  the  facets,  shown  by  Leidy  to  exist  in 
S.  laneiformis,  and  appear  to  be  longer  than  in  that  species,  exceeding 
the  length  of  the  crown  nearly  four  times.  None  are,  however,  perfectly 
exposed  for  complete  measurement.  As  usual,  there  is  a  large  foramen 
opposite  each  fang,  below  the  inner  alveolar  margin,  and  between  the 
latter  and  the  series  of  foramina  the  surface  is  slightly  convex  and  mi- 
nutely rugose. 

Depth  of  bone 035 

Thickness  at  rugose  band 0055 

Total  length  of  a  tooth  (?) 02 

Length  of  a  crown 0043 

Width  "  0036 

Number,  etc.,  in  an  inch 8. 

The  size  of  this  fish  was  probably  about  equal  to  that  of  Ichthyodeetes 

anaides  above  described.     Found  loose  on  a  cliff  of  blue  shaly  limestone, 

fifteen  miles  south  of  Fort  Wallace,  Kansas. 

PACHYRHIZODONTIDJE. 

This  family  of  Physostomous  fishes  differs  from  the  last  in  the  nature 
of  its  dentition.  Instead  of  elongate  conic  fangs  sunk  in  deep  alveoli,  it 
has  shorter  and  stouter  fangs  occupying  alveoli,  of  which  the  inner  side 
and  part  of  the  anterior  posterior  walls  are  incomplete.  The  teeth  are, 
in  fact,  more  or  less  pleurodont,  but  the  extremity  of  the  root  is  received 
intoJ;he  conic  fundus  of  the  alveolus. 

The  premaxillary  bones  are  well  developed,  but  the  maxillaries  are 
more  so,  and  enter  largely  into  the  composition  of  the  border  of  the, 
mouth.  There  is  a  well-developed  angle  of  the  mandible,  but  no  coro- 
noid  bone  is  preserved  in  the  specimens.  The  coronoid  region  is,  how- 
ever, broken  in  all  our  specimens.  The  other  characters  of  the  family 
are  not  determinable  from  our  imperfect  materials. 
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PACHYRHIZ0DU6.    Agassiz. 

Dixon's  Geology  of  Sussex,  1850,  p.  374. 

This  genus  was  established  by  Prof.  Agassiz,  on  a  jaw  fragmeut  from 
Sussex,  England,  with  a  very  brief  description.  The  Kansas  remains 
resemble  this  fragment  in  their  corresponding  parts,  and  I  refer  them  to 
the  same  genus  for  the  present. 

The  genus  as  seen  in  our  fossils,  is  defined  as  follows  : 

Muzzle  flat ;  premaxillary  bones  rather  long,  with  two  large  teeth  to- 
gether, near  the  anterior  end,  behind  the  usual  external  series.  Maxil- 
lary and  mandibles  with  a  single  series  of  simply  cylindric  curved  teeth. 
Mandibular  rami  closely  articulated  by  ligament. 

The  teeth  in  this  genus  bear  a  supei'ficial  resemblance  to  those  of  a 
mosasauroid  genus.     Their  mode  of  succession  appears  to  be  as  follows : 

The  crown  of  the  young  tooth  was  developed  in  a  capsule  at  the  base 
of  the  crown,  or  on  the  inner  side  of  the  apex  of  the  thick  root.  The  ab- 
sorption which  followed  excavated  both  the  former  and  the  latter,  but 
the  crown  was  evidently  first  shed.  Finally,  the  old  root  disappeared, 
and  when  the  new  one  occupied  the  alveolus,  it  left  a  free  separation  aU 
round.  Finally,  on  the  accomplishment  of  the  full  growth  of  the  root, 
it  became  anchylosed  to  the  sides  of  the  alveolus.  The  pleurodont  posi- 
tion of  the  tooth  facilitated  the  shedding  of  the  root  very  materially. 

The  genus  Conosaurus,  Gibbes,  from  South  Carolina,  is,  perhaps  allied 
to  this  one.  Its  dentition  is  fully  described  by  Leidy,  who  changes  the 
name  to  Conosaurops,  mainly  on  account  of  the  inappropriateness  of  the 
Greek  l\xufniq  to  a  fish.  This  word  was,  however,  employed  by  the  an- 
cients to  designate  a  fish,  and  the  only  use  made  of  the  word  out  of  com- 
position, by  modern  zoologists,  is  for  species  of  that  class,  so  that  it  does 
not  seem  improper  to  use  it  here.* 

Three,  perhaps  four,  species  left  their  remains  in  the  strata  examined 
by  the  expedition. 

Pachyrhizodus  caninus.    Cope.    sp.  nov. 

Established  on  portions  of,  perhaps,  two  individuals,  which  embrace 
one  nearly  complete  maxillary  bone,  two  premaxillaries  of  opposite 
sides,  two  nearly  perfect  rami  of  the  mandible,  with  numerous  other  por- 
tions in  a  fragmentary  condition. 

These  indicate  a  cranium  of  about  a  foot  in  length,  by  six  and  a  half 
in  width,  oval  in  outline,  with  moderately  obtuse  muzzle.  The  man- 
dibular teeth  are  directed  somewhat  outwards  ;  the  premaxillary  is  hori- 
zontal in  front,  and  the  maxillary  narrow.  From  these  facts  I  derive 
that  the  head  was  probably  depressed,  as  in  tlie  modern  Sauri,  and  very 
different  from  the  prevalent  compressed  form  of  the  Porthei  and  allies. 

*  The  case  appean  to  nie  to  be  diflferent  with  the  name  lachyrosaurua^  which  I  propofi<-<l  to 
replace  with  lachyrotherium  (Leidy).  The  latter  was  given  to  a  genuH  of  «anriau»,  ttiid<»rth« 
supposition  that  it  belonged  to  the  vinmnuUia,  and  the  termination,  therinm,  devoted  to  ihia 
group  of  animals  by  meaning  and  custom,  cannot  be  applied  to  a  sauriam  by  any  stretch  of 
metonymy  or  charity. 
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The  premaxillary  is  several  times  longer  than  wide ;  posteriorly  it 
is  a  subvertical  plate  ;  anteriorly  it  terminates  in  a  narrow  obtuse  por- 
tion. Just  behind  this  portion  it  is  enlarged  on  the  inner  side,  forming  a 
knob,  whose  upper  surface  supports  the  articulation  with  the  ethmoid. 
It  bears  the  two  large  teeth  below,  on  a  common  elevation  of  the  jaw. 
The  outer  margin  of  the  bone  supports  ten  sub-equal  teeth,  which  are  one- 
third  smaller  than  the  posterior  pair.  The  outer  alveolar  ridge  is  a  little 
more  elevated  than  the  inner,  though  a  little  less  so  than  on  other  bones 
which  support  teeth.  The  external  face  of  the  bone  is  nearly  smooth, 
:  and  the  inner  unites  with  the  maxillary  by  striate  squamosal  suture.' 

The  maxillary  preserved  is  nearly  perfect,  and  may  belong  to  another 
animal ;  its  depth  coincides  with  that  of  the  premaxillary.  It  is  quite 
elongate,  about  nine  times  as  long  as  deep,  perhaps  a  little  more.  It  sup- 
ports forty-two  closely  packed  teeth,  not  all  in  functional  service  at  once. 
The  distal  end  is  contracted  and  grooved  and  ridged  on  the  inner  face,  as 
though  for  union  with  a  supernumerary  bone.  The  external  face  is  lon- 
gitudinally striate  on  the  posterior  half^  the  striae  running  out  to  the  mav- 
:gins,  forming  sharp  rugosities  on  the  alveolar  border.  The  superior 
(palatine)  articular  surface  is  more  than  one-fourth  the  total  length  from 
the  anterior  extremity ;  it  is  narrow  and  somewhat  lens-shaped.  Both 
behind  and  in  front  of  it,  strong  striae  run  from  the  outer  to  the  inner 
side  of  the  superior  margin,  sub-longitudinally.  Posterior  to  the  superior 
articular  surface  on  the  outer  face  is  a  swelling  like  a  muscular  impres- 
-  sion,  from  which  grooves  and  keel  extend  posteriorly.     The  bone  is  con- 

•  cave  on  the  outer  face  in  front,  to  accommodate  the  o's  premaxillare. 

The  mandibular  rami  are  abruptly  incurved  at  the  symphysis,  which  is 
not  serrate,  is  sub-round,  with  an  emargination  entering  from  the  inner 
inferior  side.  The  dentary  bone  is  much  narrowed  behind.  The  angular 
bone  extends  anteriorly  on  the  inner  face  to  the  end  of  the  posterior,  two- 
fifths  of  the  dental  line.  The  ramus  is  not  very  deep  at  the  coronoid 
region.  The  articular  cotylus  is  composed  more  largely  of  the  angular 
than  the  articular.  Its  long  diameter  extends  inwards  and  backwards, 
.  and  is  strongly  convex  ;  in  the  transverse  direction,  slightly  concave. 
Below  and  in  front  of  it  the  lower  margin  of  the  jaw  is  acute.  The  angle 
is  oval  and  rather  small,  it  is  prominent  on  tlie  middle  line  on  the  inner 
side,  the  edges  are  thin,  the  upper  curved  outwards,  conceahng  part  of 
the  cotylus.  There  are  twenty-nine  teeth  on  the  dentary,  whose  sizes 
diminish  towards  its  extremities.  Their  roots  are  very  large  and  longitu- 
dinally striate  and  porous.  Opposite  the  interval  between  the  first  two 
teeth,  there  is  a  tooth  exterior  to  the  general  row,  and  another  on  its  in- 
ner side.     They  are  not  enlarged. 

No  teeth  are  preserved  except  on  the  maxillary.     These  are  not  very 

•  elongate  cones,  with  round  section,  and  well  curved  inwards.    Dense  ex- 
ternal layer  entirely  smooth. 

This  species  differs  from  the  type  P.  basalu,  Dixon,  in  that  the  radical 
portion  of  the  tooth  is  less  swollen,  and  more  conic,  and  does  not  project 
.nbove  the  exterior  alveolar  wall  as  in  that  fish. 

A.  p.  8. — VOL.  XII.— 2b 
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Meaturementi, 

M. 

Total  length  mandibular  ramus. 0.267 

"  of  toothline 170 

Transverse  diameter  of  sirmphysis 018 

"  "        baseoftooth , 004 

Length  premaxillary 068 

"  "  to  large  tooth 01 

Greatest  depth  " 018 

Diameter  large  tooth  at  base 007 

Length  maxillary  to  first  tooth 171 

Depth  "       at     "        "    019' 

"  "        atlast       " .014 

"        articular  surface 0245 

Found  by  the  writer  near  Fossil  Spring,  near  Fort  Wallace,  in  Western 
Kansas. 

Pachyrhizodus  kixoii.  Coi)e.  sp.  nov. 
Established  on  the  proximal  portion  of  a  maxillary  bone  with  the  articu- 
lar surface,  and  bases  of  twelve  teeth.  It  is  a  species  of  nearly  the  same 
size  as  the  last,  but  the  bone  contracts  more  rapidly  than  in  that  one,  and 
presents  a  stronger  interior  longitudinal  ridge.  The  superior  articular 
face  is  smaller  and  narrower,  being  sub-crescentic,  while  the  insertion-like 
tuberosity  is  nearer  to  it,  and  on  the  inner  edge  of  the  outer  face,  and  con- 
nected with  the  articular  face  by  a  ridge,  not  separated  by  a  groove  as  in 
P.  caninus.  The  outer  face  is  depressed  below  the  articular  face  much 
more  than  in  that  species,  so  that  its  lower  portion  becomes  more  convex. 
The  roots  of  the  teeth  are  of  the  same  length  as  in  P.  caninus,  and  as  they 
are  more  numerous,  they  are  more  closely  packed  and  more  cylindric. 
Their  pleurodont  character  is  also  more  strongly  marked.  The  superior 
surface  of  the  bone  is  striate  grooved  longitudinally,  and  transverse  or 
obliquely. 

M. 

Total  depth  of  bone  at  articular  face 0.022 

Depth  at  tenth  tooth 0155 

This  species  was  found  near  the  preceding.  It  is  dedicated  to  Doctor 
William  Howard  King,  Post  Surgeon  at  Fort  Wallace,  to  whom,  and  not 
less  to  his  excellent  wife,  I  am  indebted  for  hospitality  and  other  assist- 
ance of  a  kind  essential  to  the  success  of  my  explorations  in  Western 
Kansas. 

Pachyrhizodus  latimentum.  Cope.  sp.  nov. 
Bepresented  by  a  right  ramus  mandibuli  with  the  angle  and  cotylus- 
deficient.  The  posterior  portion  of  the  dentary  is  also  wanting,  so  that 
the  number  of  teeth  it  supported  is  not  ascertainable.  The  general  fonn 
appears  to  have  been  deeper  than  in  the  P.  caninusy  while  the  size  of  the 
teeth  is  similar.  The  external  iace  of  the  bone  near  the  alveolar  border 
is  convex,  and  not  particularly  rugose.  The  external  alveolar  wall  is 
well  elevated  above  the  inner.    Below  the  latter,  the  dentary  bone  ex- 


Digitized  by 


Google 


1872.1  347  j^^^^ 

Mbits  a  strong  longitudinal  ridge.  The  extremity  of  the  dentary  takes. 
a  wider  curve  from  the  symphysis  than  in  P.  eaninus,  giving  a  broader 
chin  (whence  the  name)  and  muzzle.  The  symphysis  is  smooth  transverse^ 
trilobate,  the*  two  outer  lobes  being  separated  by  an  emargination  in  the* 
XK>8ition  of  the  foramen  mentale.  This  form  is  very  different  from  that. 
in  P.  caninus  where  the  symphyseal  surface  is  sub-round. 

The  anterior  teeth  are  smaller  than  the  median,  and  have  the  inner- 
alveolar  wall  nearly  as  much  elevated  as  the  external.  The  crowns  are^ 
scarcely  distinguishable  from  those  of  the  P.  caninus,  being  curved  conic^ 
with  round  section  and  smooth  cementum.  They  form  a  single  incurved 
row  next  the  symphysis.  Number  of  teeth  in  an  inch  at  middle  of  ramusy 
4.5. 

From  a  canon  near  the  Smoky  River  near  to  the  Icthyodectes  anaides  m^ 

Pachyrhizodus  sheareri.    Cope.    sp.  nov. 

Associated  with  the  bones  of  the  P.  caninus  is  a  slender  bone  of  oval 
section,  which  is  marked  on  one  edge  by  twenty-two  transverse  alveoli 
whose  outer  margin  are  a  little  higher  than  the  inner.  No  teeth  pre- 
served. It  may  belong  to  a  fish  of  this  genus,  and  is  probably  a  superior 
maxillary  bone.  Constantly  with  this  position  its  outer  extremity  is 
more  compressed  than  the  proximal,  the  thickening  being  especially  seen 
in  the  superior  margin.  A  shallow  concavity  passes  obliquely  across  this 
border  from  within  outwards  and  distally  as  in  P.  caninus,  but  the  articu- 
lar face  is  not  preserved.  There  is  a  longitudinal  angle  on  the  external 
face,  and  the  superficial  layer  of  bone  is  nowhere  grooved  or  rugose.  The^ 
pleurodont  character  of  the  tooth  attachment  is  more  marked  proximally.. 
Length  of  piece,  M.  .041 ;  vertical  diameter,  .007 ;  greatest  transverse  do.^ 
.0033. 

This  species  is  dedicated  to  Doctor  Shearer,  Assistant  Post  Surgeon,  to- 
whose  interest  in  the  subject,  the  Geology  of  Kansas  is  indebted  for  many 
useful  discoveries. 

EMPO.     Cope. 

In  this  genus  the  character  of  the  teeth  is  quite  similar  to  that  of  the= 
preceding  group,  but  the  arrangement  on  the  maxillai*y  bone  is  different.- 

The  characters  are  : 

Maxillary  teeth  anteriorly  in  two  series,  an  external  marginal  of  sub- 
equal  teeth,  and  an  inner  and  superior  of  probably  small  extent,  but  whicli. 
terminates  anteriorly  in  two  large  canine  teeth. 

Only  one  species  is  known  to  me. 

Emfo  nepaholica.  Cope.  sp.  nov.  . 
Established  on  a  portion  of  the  right  maxillary  bone  of  a  single  individ- 
ual. It  displays  the  anterior  squamosal  suture  for  the  premaxillary,  and 
not  far  posterior  to  this  on  the  superior  margin,  a  concavity  for  contact- 
with  palatine,  pre-frontal  or  other  bone  as  the  case  may  be.  The  pos- 
terior portion  is  lost.     The  premaxillary  sutural  margin  extends  at  right 
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^angles  to  the  alveolar  edge  to  beyond  the  middle  line  of  the  side  of  the 
maxillary.  Above  this  point  a  process  of  the  latter  extends  above  the 
premaxillary  for  half  an  inch ;  it  has  a  broad  inferior  suttlral  face ;  its 
upper  margin  is  thin  and  oblique.  A  short  truncate  process- rises  behind 
the  superior  cotyloid  surface.  The  teeth  are  cylindric  conic,  slightly  in- 
curved ;  on  a  margin  of  .035  M.  there  are  five  teeth  and  five  vacant  al- 
veoli. The  teeth  of  the  inner  row  are  much  smaller,  and  on  .017  M.,  there 
are  eight  bases.  The  bases  of  the  two  large  teeth  occupy  .014.  Depth 
of  maxillary  at  large  teeth,  .019 ;  at  fractured  end,  .014.  The  anterior 
teeth  of  the  external  series  are  not  larger  than  those  of  the  inner. 

The  precise  locality  of  the  Niobrara  chalk  where  this  species  was  found 
has  been  mislaid.  There  is  a  possibility  of  its  belonging  to  the  Pachyrhi- 
zodus  latitnentujn,  but  the  smaller  relative  size  seems  to  contradict  the 
supix)sition.  Should  it  be  verified,  the  latter  species  must  be  referred  to 
the  genus  Empo. 

STRATODONTID^. 

In  this  group  I  have  arranged  several  genera  which  resemble  EncJiodtUy 
the  longest  known  of  its  forms.  They  are  Physostomous  fishes  as  indicated 
by  the  relations  of  bones  of  the  superior  arch  of  the  mouth  ;  the  absence 
of  spinous  dorsal  radii  ;  the  cycloid  scales,  and  the  general  relationship  to 
Esox,  Agassiz  and  others  have  regarded  some  of  them  as  allied  to  Sphif- 
rcena ;  this  opinion  was  probably  derived  from  the  consideration  of  the 
f oi-ms  of  tlie  teeth  which  to  some  degree  resemble  those  of  Sphyranidc^ 
and  TrichiuridcB.  This  is,  however,  like  many  other  minor  characters,  one 
of  those  which  appear  in  both  of  the  great  groups  of  osseous  fishes. 

The  pi'emaxillary  is  small,  and  supports  a  large  tooth  in  Enchodtis  ;  in 
Stratodus  it  is  also  short  and  supports  numerous  teeth.  In  Stratodus  the 
maxillary  supports  a  few  teeth,  in  Cimolichthys  a  larger  number.  Rela- 
tionship to  Esox  is  displayed  by  Stratodus,  which  has  broad  flat  palatine 
bones  closely  studded  with  teeth  in  a  brush,  and  where  the  maxillary  teeth 
are  reduced  in  size  and  number.  The  teeth  are  attached  by  the  anchy- 
losis of  the  base  to  the  alveolar  face  of  the  jaw,  resembling  thus  existing 
fishes,  and  differing  materially  from  the  families  of  PachyrhizodofUida 
and  Saurodontida  already  considered. 

The  genera  known  to  me  are  the  following  : 

Premaxillary  with  numerous  small  teeth,  maxillary  with 
a  few  of  the  same ;  palatines  covered  with  brushes  of 
similar  teeth,  all  with  pulp  cavity StratoduK 

Premaxillary  (?)  Maxillary  with  a  single  series  of  large 
teeth  which  have  one  cutting  edge  at  base  and  two  at 
apex.  Dentary  with  inner  series  of  large  teeth  which  do 
not  enlarge  distally,  and  some  series  of  exterior  smaller 
teeth Cimaliehthgt, 

Premaxillary  with  a  single  large  tooth;  dentary  with 
an  outer  row  of  small  and  an  inner  row  of  large  teeth, 
which  are  much  larger  at  the  distal  end E»ehodut^ 


Digitized  by 


Google 


1872.1  "^^^  [Cope. 

STRATODUS.    Cope. 

This  genus  is  well  characterized  by  its  dentition,  which  is  remarkable 
for  the  small  size  and  large  number  of  the  teeth,  and  their  peculiar  form. 
I  possess  one  premaxillary,  a  considerable  part  of  the  maxillary,  and 
nearly  the  whole  of  both  palatines,  besides  other  bones  of  one  species. 
These  were  found  not  very  far  from  the  remains  of  the  Cimolicthys 
ssmianceps  m.  and  it  required  some  investigation  to  determine  the  rela- 
tionship between  them.  I  have,  however,  portions  of  the  maxillary  and 
premaxillary  of  Cimolichthys,  and  both  of  these  elements  are  so  very  un- 
like those  in  8tratodu8,  that  there  can  be  no  doubt  of  its  independence. 
I  have,  unfortunately,  no  dentary  bone  of  Stratadus,  and  the  outer  row 
of  palatines  resembles  in  some  measure  those  figured  in  CimoliQhthy» 
lavesiensis,  Leidy,  by^Agassiz. 

The  premaxillary  teeth  are  in  two  series.  They  are  stout  at  the  base 
and  oval  in  section,  and  are  contracted  and  flattened  rapidly  upwards. 
On  this  basis  is  set  an  oval  sharp  edged  flat,  or  spade-shaped  crown,  the 
long  axis  of  compression  being  placed  at  right  angles  to  that  of  the  com- 
pression of  the  apex  of  the  base.  This  gives  a  barbed  appearance.  The 
maxillary  teeth  are  similar  in  form,  but  are  in  but  few  rows.  The  palor- 
tine  teeth  are  constructed  on  the  same  plan,  but  they  are  longer,  and  the 
bases  are  subcylindric  and  slightly  curved.  All  the  teeth  possess  a  large 
pulp  cavity. 

The  premaxillary  bone  displays  some  of  the  density  of.  composition  seen 
in  Enehodus,  Its  upper  anterior  surface  meets  the  inferior  of  an  acute 
angle.  It  is  a  broad  oval,  and  is  slightly  concave.  The  inner  face  forms 
a  truncate  rim  round  the  bases  of  the  inner  teeth,  and  terminates  in  a 
vertical  crest  of  dense  bone.  The  external  face  is,  on  the  other  hand^ 
{perpendicular,  and  extends  obliquely  upwards  and  backwards.  An  acute 
anterior  angle  of  the  mxixillary  under-runs  it  below,  so  far  as  to  exclude 
all  but  one  or  two  of  the  premaxillary  teeth  from  the  outer  row.  The 
external  lamina  of  the  premaxillary  forms  an  extensive  squamosal  suture 
with  this  part  of  the  maxillaiy  by  overlapping  it  from  above. 

This  arrangement  shows  a  certain  similarity  to  Esox,  especially  in  the 
large  number  of  palatine  and  small  number  of  maxillaiy  teeth.  It  dif- 
fers materially  in  the  lack  of  articular  surfaces  between  the  maxillary, 
palatine,  etc.,  in  the  upward  prolongation  of  the  premaxillary,  and  the 
X)eculiar  forms  of  the  teeth. 

Stratodus  apicalis.    Cope.  sp.  nov. 

Established  on  one  incomplete  individual,  as  above  mentioned. 

The  maxillary  teeth  are  mostly  smaller  than  the  premaxillaries,  and 
diminish  in  size  posteriorly ;  there  are  four  or  five  series  of  them  an- 
teriorly. Seven  to  nine  rows  on  the  palatine  bones ;  they  are  slender  and 
curved  downwards  from  oblique  bases,  and  cylindric  in  section ;  they 
contract  to  a  neck  and  then  expand  into  the  ovate  spade-shaped  cutting 
apex.     They  are  in  every  respect  the  largest  of  the  teeth,  some  making 
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a  half  inch  in  length.  Those  on  the  inferior  or  outer  margin  are  most 
slender ;  those  of  the  inner  stouter  and  more  conic.  All  the  spade-like 
apices  are  black  in  the  specimen,  while  the  shanks  are  pale,  except  the 
premaxillaries.  The  palatine  boiiet  are  flattened  in  one  plane,  and  con- 
tracted at  both  ends.  At  the  anterior,  there  is  an  external  concavity 
perhaps  for  maxillary  or  premaxillary.  A  ridge  divides  the  upper  sur- 
face lengthwise ;  the  outer  edge  is  thin  posteriorly,  and  there  are  two 
long  grooves  which  extend  to  the  posterior  extremity,  probably  for  sutural 
unioU  with  the  pterygoid.  The  premaxillary  bears  a  slight  resemblance 
to  the  mandibular  bone  of  a  Chimasroid  turned  upside  down. 

M. 

Length  portion  of  an  o»  palatinum 0.128 

Do.  restored 148 

Greatest  width 02 

**        thickness  on  margin 003 

Length  pi-emaxillary,  fragment 043 

**  **  inner  side 025 

**  **  outer  to  maxillary 012 

Width  **  in  front  above 01 

Length  premaxillary  tooth 005 

This  fish  was  considerably  larger  than  Esox  reticulatus  or  E.  lucius.  In 
the  lack  of  mandible  its  habits  cannot  be  fully  inferred,  but  the  armature 
of  the  superior  bones  of  the  mouth  is  less  powerful  relatively  than  in 
those  fishes. 

Found  by  myself  in  the  blue  limestone  shale  on  Butte  Creek,  south  of 
Fort  Wallace,  Kansas. 

CIMOLICHTHYS.     Leidy. 

Proceed.  Acad.  Nat.  Sci.  Phila.,  1856,  p.  202.  Trans.  Amer.  Philosoph. 
8oc.,  1856,  p.  95.    Saurodon,  Agassiz,  pt.  Poiss.  Foss. 

In  this  genus  the  principal  teeth  are  stout,  and  have  a  compressed  apex 
with  a  prominent  anterior  cutting  edge,  and  a  less  extended  posterior 
one.  There  are  several  series  of  smaller  teeth  external  to  the  large  ones 
in  the  lower  jaw,  while  in  a  portion  of  an  upper  jaw  of  one  of  the  species 
these  are  wanting.  Wliere  present,  they  are  more  acute  than  the  larger 
ones.  The  large  teeth  diminish  gradually  in  length  to  the  symphysis,  a 
circumstance  which  separates  tliese  fishes  from  Enchodus,  where  one  or 
more  of  the  anterior  teeth  are  elongate.  In  the  species  here  described, 
the  bases  of  the  teeth  are  enlarged  and  deprived  of  cementum  coat,  but 
there  are  no  true  roots. 

The  maxillary  bone  terminates  in  a  narrowed  extremity  with  obtuse 
termination  as  in  Stratodus.  The  vomer  in  one  of  the  species  is  acumi- 
nate at  one  end,,  and  supports  a  short  series  of  teeth,  the  middle  portion 
in  a  double  row.     All  the  teeth  are  without  pulp-cavity. 

The  only  indication  of  the  mode  of  succession  of  the  teeth  is  furnished 
by  the  specimen  of  (7.  anceps.    Here  a  small  excavation  appears  on  the 
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« 
1  inner  side  of  the  basis  of  the  tooth.     The  absorption  commencing  at  this 
point  no  doubt  removes  the  bases  so  that  the  crown  falls  away.  , 

The  name  used  was  applied  by  Dr.  Leidy  to  a  fish  erroneously  referred 

'  by  Agassiz  and  Dixon  to  Saurodon,  Hays.    He  did  not  characterize  it, 

:  and  until  the  barbed  palatine  teeth  characteristic  of  it  are  discovered  in 

■our  species,  their  reference  to  it  will  not  be  fully  established.    In  the 

parts  preserved  they  appear  to  be  identical. 

The  general  affinities  of  the  genus  will  receive  new  light  from  materials 
now  in  my  possession  and  not  yet  develoi)ed. 

The  SphryicRna  earinata^  Cope  (Hayden's  Rept.  Wyoming,  etc.,  p.  424), 
probably  belongs  to  GimolicTithys. 

CiMOLICHTHYS  8ULCATUS.    CopC.  Sp.  nov. 

Indicated  by  a  left  dentary  bone  with  attached  parts  of  angular,  etc. 

The  fragment  supports  thirteen  teeth  at  equal  distances,  the  intervals 

often  presenting  traces  of  tooth  bases.     The  bases  of  the  teeth  are  round 

:  and  the  crowns  become  compressed  to  the  tip.     They  are  strongly  curved 

backwards  and  acute.     The  anterior  margin  is  particularly  convex  and 

:  acute,  forming  a  cutting  edge,  but  there  is  no  edge  on  the  posterior  face. 

The  surface  is  rather  finely  striate-grooved  on  the  inner  and  posterior 

faces.     The  teeth'  of  the  exterior  series  are  in  several  rows,  that  next  the 

large  teeth  being  considerably  larger  than  the  others.     They  are  curved 

inwards  and  are  flattened,  having  cutting  edges  on  both  anterior  and 

posterior  margins.     Cementum  smooth.     The  external  smaller  teeth  are 

:  shorter  in  relation  to  their  length,  not  curved,  and  two-edged. 

The  dentary  bone  contracts  irregularly  to  the  symphysis,  and  has  a 
thickened  inferior  margin.  The  symphyseal  surface  is  small,  and  pre- 
sents a  marked  fossa.  The  external  face  of  the  bone  is  divided  by  a  deep 
longitudinal  groove  which  is  overhung  by  the  produced  extremity,  and 
which  gives  exit  to  the  mental  foramen.  The  external  face  of  the  den- 
tary has  an  impressed  groove  along  its  lower  third  anteriorly,  and  its 
surface  is  sculptured  with  deep  longitudinal  sulci,  which  often  run 
together. 

M. 

Length  of  fragment 0.18 

Depth  of  first  tooth 01 

"     seventh  " .028 

"     tenth       "  045 

Total  elevation  of  fifth  tooth 014 

The  restored  cranium  of  this  fish  is  about  one  foot  in  length. 
From  near  the  Smoky  River  in  Western  Kansas. 

CiMOLICHTHYS  SEMIANCEPS.    CopC.  Sp.  nOV. 

Established  on  remains  of  two  individuals.     One  of  these  embraces 
vertebrae,  portions  of  vomer,  maxillary,  mandibular  and  other  bones  with 
•some  scales.    The  other  consists  of  a  dentary  bone  with  symphysis  and 
:  teeth. 
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These  indicate  smaller  individuals  than  that  typical  of  C  $ulcatu9j  but 
the  principal  diffei-ence  is  to  be  seen  in  the  teeth.  These  are  rather  more 
elongate,  and  they  have  a  cutting  edge  on  the  posterior  aspect  of  the 
apex  as  well  as  on  the  anterior.  It  extends  but  a  short  distance  wliile 
the  anterior  rises  near  the  base,  and  is  strongly  convex.  The  tooth  curves 
backwards;  the  base  is  round  in  section.  The  convex  posterior  and 
the  inner  faces  are  rather  finely  striate-grooved.  The  larger  teeth  of  the 
external  series  are  convex  on  the  inner  face ;  they  are  two-edged,  and 
slightly  incurved. 

The  outer  face  of  the  dentary  bones  is  «trongly  longitudinally  parallel 
§ulcate.  The  inner  face  and  the  surfaces  of  all  the  other  bones  are  minutely 
striate  exactly  as  in  some  of  the  Mosasauroids,  Clidastes  propython,  for 
example.  The  anterior  extremity  of  the  maxillary  is  straight  on  one 
side,  and  obliquely  beveled  on  the  other  to  an  obtuse  compressed  apex. 
The  bevel  becomes  sub-horizontal  posteriorly,  indicating  a  rather  shallow 
bone.  Two  of  its  anterior  teeth  are  a  little  larger  than  those  that  follow. 
The  supposed  vomer  is  narrowed  to  a  beak  posteriorly  (?),  and  presents  an 
elevated  longitudinal  and  obtuse  ridge  on  the  middle  line.  This  supposts- 
a  row  of  nine  teeth,  five  of  them  having  mates.  The  bone  expands  at 
the  other  end  for  a  squamosal  articulation  with  other  elements.  The 
vomerine  teeth  are  smaller  than  the  larger  dentaries. 

The  vertebra  are  elongate  and  much  contracted  medially  ;  the  riDi84)f 
the  cups  are  thickened,  and  the  cups  themselves  very  deep.  There  is  a. 
trace  of  a  single  median  longitudinal  groove.  The  neural  and  hsmal 
arches  are  represented  by  broad  longitudinal  laminsB  in  the  specimens. 
The  vertebrae  ai*e  thus  very  different  from  those  of  the  SaurodontidcB,  and 
bear  more  resemblance  to  those  of  Cyprinodontida, 

In  tlie  ramui  with  symphysis,  the  characters  of  the  latter  resemble 
those  in  C7.  sulcatus.  It  is  very  small,  and  does  not  exhibit  the  fossa  of 
the  latter  species.  The  mental  foramen  does  not  continue  as  a  groove  to 
the  edge,  while  there  is  a  deep  groove  on  the  inner  face  opposite  to  it,  not 
seen  in  C.  sulcatus. 

The  first  described  specimen  would  have  been,  perhaps,  a  twenty-five 
pound  fish  in  life.  Both  specimens  were  from  near  Butte  Creek^  at  some 
distance  apart. 

CiMOLICHTHYS  ANCEPS.    CopC.  Sp.  UOV. 

Established  on  portions  of  a  right  maxillary  bone  of  one  individual, 
and,  perhaps,  the  premaxillary  of  a  second.  The  former  supports  six 
teeth  and  four  empty  alveoli. 

In  accordance  with  characters  derived  from  study  of  C.  semianeepSf 
there  is  no  external  series  of  smaller  teeth  on  the  maxillary.  The  maxil- 
lary has  a  fiattened  anterior  extermination,  somewhat  as  in  Straiodus 
apicalis,  the  superior  face  being  excavated  and  widened  and  gradually 
descending  to  meet  the  inferior.  The  line  of  junction,  where  also  the 
premaxillary  commences,  is  oblique  from  before  inwards,  and  backwards.  - 
The  anterior  tooth  is  a  little  larger  than  those  following. .  The  form  of 
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the  teeth  differs  much  from  that  seen  in  the  species  just  described.- 
They  have  an  oval  section  at  base,  but  speedily  become  much  compressed 
in  a  direction  oblique  to  the  long  diameter  of  the  bone,  and  develop  cut- 
ting edges  opposite  to  each  other,  and  separating  equal  faces.     The  crown . 
is  a  little  more  convex  on  one  edge  than  on  the  other,  and  has  a  slight  in-  - 
ward  curvature.     The  apex  is  sharp.     The  cementum  of  the  crown  is  • 
smooth,  but  the  surface  of  the  basal  portion  below  the  commencement  of  "■ 
the  cutting  edges  is  minutely  striate-grooved,  some  grooves  being  deeper 
than  others,  the  surface  having  a  silky  lustre. 

The  surface  of  the  bone  where  preserved  is  without  special  sculpture.  - 
The  upper  margin  is  grooved  for  articulation  with  a  supernumerary 
maxillary. 

M. 

Teeth  in  M.  .01,  two 

Length  of  last  maxillary  tooth 0.008 

Long  diameter  of  basis  of  "     • 004 

Depth  maxillary  bone  at     " 012 

The  premaxillary  bone  belonged  probably  to  a  smaller  fish.  It  has  the  ■ 
characters  seen  in  Enchodus  but  is  shorter  and  deeper  than  in  the  known 
species.  The  lateral  groove  is  here  subvertical  and  on  the  anterior  face 
extending  to  near  the  basis  of  the  tooth.  The  inferior  face  behind  the 
tooth  expands  gradually  to  its  base,  which  is  marked  by  the  narrow  cres- 
centic  scar  of  the  older  tooth  seen  in  E,  pressidens.  The  crown  of  the 
tooth  was  scarcely  as  large  as  that  of  the  maxillaries,  but  is  lost.  Its 
basis  is  fluted,  and  the  surface  finely  striate.  Length  of  bone,  M.  .015. 
This  specimen  was  not  found  with  the  preceding.  The  latter  was  dis-  - 
covered  qn  the  same  bluff  that  produced  the  C,  semianceps  and  the  Stra- 
todus  apicalis,  at  some  distance  from  them. 

CiMOMCHTHYS   GLADIOLUS.      CopC.    Sp.  UOV. 

Represented  by  a  single  elongate  tooth  which  is  intermediate  in  char- 
acter between  those  of  the  two  species  last  described,  but  much  larger 
than  either.     It  is  too  large  for  an  anterior  maxillaiy  tooth  of  C,  anceps 
and  should  it  pertain  to  the  end  of  the  mandibular  series,  will  in  so  far 
resemble  the  genus  Enchodus,    But  the  cutting  edges  are  opposite  to 
each  other,  and  not,  as  is  usual  in  that  genus,  on  one  side,  leaving  the  ■ 
inner  face  very  convex.     In  this  species  the  crown  is  rather  slender  and 
compressed  above  the  base.    The  anterior  cutting  edge  extends  to  the 
bottom,  while  the  posterior  reaches  only  half-way  down ;  there  is  no  barb.- 
Tbe  section  of  the  base  exhibits  an  angle  in  continuation  of  the  latter..- 
The  inner  face  is  a  little  more  convex  than  the  outer  ;  its  posterior  half 
is  rather  coarsely  striate  keeled.     The  posterior  half  of  the  outer  face  is- 
finely  striate.     The  inner  posterior  aspect  of  the  root  presents  a  cavity  of 
absorption  for  the  successional  tooth,  as  in  C.  anceps.    The  cutting  edge 
and  top  of  apex  are  glossy  black.    Length  from  fossa,  M.  .019  ;  diameter 
at  do.,  .006. 

From  a  locality  at  a  short  distance  from  that  of  (7.  anceps, 
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ENCHODUS.    Cuvier. 

Remains  of  species  of  this  genus  occur  in  the  cretaceous  strata  of  Kan- 
sas. 1  discovered  a  tooth  belonging  to  one  of  them,  in  the  matrix  be- 
neath the  vertebrae  of  Elasmosaurus  platyurus.  Dr.  Leidy  describes  a 
species*  from  the  cretaceous  formations  of  the  Upper  Missouri  region, 
which  he  called  E.  sJiumardii.  The  premaxillary  of  a  rather  laj'ge  spe- 
cies was  obtained  by  my  expedition,  but  the  species  is  not  determinable. 
The  diameter  of  the  ba«is  of  the  tooth  is  M.  .012.  The  long  tooth  of  a 
species  of  medium  size  was  detected,  as  follows : 

EnCHODUS  CAIililODON.      CopC.    Sp.    UOV. 

Enchodus  sp.  Cope.   Hayden's  Surv.,  Wyoming,  etc.,  p.  424. 

The  tooth  on  which  this  species  rests  is  especially  elegant.  It  is  quite 
slender,  and  gradually  contracts  to  the  acute  apex.  The  cutting  edges, 
which  extend  to  the  base,  ai^e  on  one  side,  and  are  separated  in  one 
•direction  by  a  narrow,  slightly  convex,  and  perfectly  smooth  face.  The 
inner  face  is  strongly  convex,  being  more  than  half  a  circle  from  the  mid- 
dle of  the  length  downwards.  This  is  also  smooth  on  its  anterior  and 
posterior  aspects,  but  on  the  inner,  tliere  are  nine  sharp  delicate  keels 
which  disappear  as  the  tooth  contracts,  the  last  terminating  with  the 
third  quarter  of  the  length.  Total  length,  M.  .02  *,  longitudinal  diameter 
at  base,  .0025 ;  transverse  do.,  .0035.     The  apex  of  the  tooth  is  black. 

From  near  Fossil  Spring,  Western  Kansas. 

(?) 

ANOGMIUS.  Cope. 
(Proceed.  Amer.  Philos.  Soc.,  1871,  p.  170.)  ^ 
This  name  was  applied  to  a  genus  supposed  to  be  allied  to  the  Sauro- 
dontidcB,  and  represented  by  vertebrae  only.  One  species  was  named  A. 
contractus,  Cope,  1,  c,  which  was  found  by  Professor  Mudge.  I  have 
seen  nothing  resembling  these  vertebrae  among  either  of  the  three  fami- 
lies above  described,  and  cannot  ascertain  their  exact  affinities  without 
further  investigation.  It  is  clear  that  they  ai-e  not  referable  to  the  known 
genera  of  Saurodontidw  nor  of  Stratodontid(B.  They  present  a  marked 
character  in  the  crowding  together  of  those  cauHal  vertebrae  which  pre- 
cede those  that  support  the  caudal  fin.  The  centra  are  shortened  and 
the  prolonged  neural  and  haemal  arches  and  spines  lie  one  on  the  other, 
forming  a  fan-shaped  body.  The  arches  do  not,  at  the  same  time,  become 
anchylosed.  This  structure  is  seen  in  the  A.  contractus  and  in  a  second 
and  smaller  species.  It  finds  a  parallel  in  the  caudal  vertebrae  of  the 
genus  Ischyrhiza  of  Leidy  from  the  green  sand  of  the  New  Jersey  cretsk 
ceous,  where  all  the  elements  of  this  fan-shaped  body,  centra,  spines,  etc, 
are  coossified  into  a  solid  mass.  This  will  define  family.  A  species 
having  the  same  structure  is  common  in  the  Pliocene  of  Maiyland.    In 

*  Enchodus  shumardiU  Leidy,  Proc.  Ac.  Nat.  Sci.,  PhU..  1856,  p.  157.  U  a  amaUer  cpedit 
ithan  any  of  the  Cimolichthyes  here  described. 
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Anogmius,  the  sides  of  the  centra,  though  lacking  the  grooves  of  other 
.  genera,  are  striate-grooved  and  reticulate.  So  are  those  of  Ischyrhiza, 
and  both  in  this  resemble  the  recent  genus  Esox,  Add  to  this  the  fact 
that  the  teeth  of  Ischyrhiza  are  almost  exactly  like  those  of  Esox,  espe- 
cially as  to  their  large  fissured  fangs,  and  half  pleurodont  insertion,  some 
relationship  to  the  Esocidce  may  be  predicated.  This  is  the  first  hint  I 
know  of  as  to  the  affinities  of  Ischyrhiza, 

Anogmius  contractus  was  about  the  size  of  Ichthyodectes  prognathus; 
the  second  Anogmius  is  not  more  than  one-third  the  size,  the  caudal  ver- 
tebrsB  are  more  aggregated,  and  the  neural  spines  after  leaning  backwards 
are  turned  upwards.  The  specimen  came  from  Lower  Butte  Creek  ;  no 
parts  of  cranium  or  fins  were  found.  The  vertebrae  originally  described 
by  me  as  pertaining  to  Ichthyodectes  ctenodon  belong  either  here  or  to 
Ischyrhiza;  they  agree  with  the  latter  in  most  respects,  having  the  neuro- 
pophyses  coossified  with  the  centrum.  They  are  several  times  larger 
than  those  of  A,  contractus  and  relatively  shorter,  being  about  equal  to 
those  of  Ischyrhiza  mira,  Leidy. 

I  do  not  name  these  species,  as  they  may  be  Pachyrhizodontidce,  and 
will  be  in  any  case  better  identified  from  cranial  and  fin  remains. 

SELACHII. 
Remains  of  sharks  and  rays  are  far  less  abundant  in  the  cretaceous  of 
Western  Kansas  than  in  New  Jersey,  and  are  much  exceeded  in  abund-  , 
ance  by  the  Physostomus  Actinopteri,  as  the  present  account  indicates. 
In  the  region  near  Fort  Hays  and  Salina,  sharks'  teeth  are  more  fre- 
quently found.  Those  from  near  Fort  Wallace  belong  to  but  two  species 
•  of  the  genus. 

GALEOCERDO.  Miill.  Henl. 
Galeocerdo  crassidens.  Cope.  sp.  nov. 
Established  on  two  teeth  of  the  type  of  O.  aduncus,  Agass.,  i.  e.,  with 
one  cutting  edge  much  more  convex  than  the  other.  The  processes  of 
the  fang  are  rather  narrow,  that  beneath  the  convex  cutting  edge  the 
most  so.  The  apex  of  the  tooth  is  very  short,  entirely  plane,  and  stands 
over  the  middle  or  inner  edge  of  the  wider  process  of  the  fang.  The 
shorter  cutting  edge  is  straight  or  convex  to  near  the  base,  where  a  short 
divergent  keel  develops  itself.  The  anterior  edge  is  strongly  convex,  and 
all  the  edges  are  denticulate.  One  side  is  more  convex  than  the  other. 
No  denticles.     Cementuni  smooth. 

M. 

Length  basis 0.014 

Height  crown 01 

*  *      root 005 

Width  tooth  at  contraction 01 

Galeocerdo  hartwellii.    Cope.  sp.  nov. 
This  species  is  of  the  edgertonii  group,  L  e.,  with  the  cutting  edges 
;sub-equal  and  symmetrical.     The  basis  is  broad  and  with  convexities  of 
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the  fang  instead  of  the  processes  of  the  last  species.  The  external  parts>< 
of  the  cutting  edge  rise  slowly  from  the  base,  and  then  rise  more  steeply 
at  an  obtuse  angle.  They  are  convex  on  each  side  above,  and  meet  sym- 
metrically, forming  a  little  less  than  a  right  angle.  No  denticles-;  ce> 
mentum  smooth.  Edge  everywhere  denticulate.  One  side  of  crown 
plane,  the  other  convex. 

M. 

Length  basis 0.0115 

"        fang :  .0495 

Elevation  of  apex  (from  concavity) 0145 

Width  crown  at  contraction 042 

This  tooth  is  stouter  and  larger  than  that  of  G,  edgertonii^  and  was 
found  beneath  the  bones  of  the  Protostega  gigaa.  It  is  named  after  Martin 
V.  Hartwell,  a  member  of  my  expedition,  to  whose  acuteness  and  industiy 
I  owe  many  specimens. 

GENERAL  OBSERVATIONS. 
The  following  species  have  now  been  described  from  the  cretaceous^, 
formation  of  Kansas : 

SAURODONTIDiE. 

Portheu8  molossuB,    Cope. 
Portheus  thaumas.     Cope. 
Ichthyodectes  aiiaides.     Cope. 
lehthyodectes  etenodon.     Cope. 
Ichthyodectes  hatnatus.     Cope. 
Ichthyodectes  prognathus.    Cope. 
Ichthyodectes  multidentatus.     Cope. 
(f)  Xiphactinus  audax.    Leidy. 
Saurocephalus  phlehotojiius.     Cope. 
SaurocephaluB  arapahoHus.     Cope. 

PACHYRHIZODONTIDiE. 

PachyrhizoduH  caninus.    Cope. 
Pachyrhizodus  kingii.     Cope. 
Pachyrhizodus  latitnentum.     Coi>e. 
Pachyrhizodus  shear eri.     Cope. 
Empo  nepaholUca,     Cope. 

Stratodontid.k. 
Stratodns  apicalis.     Cope. 
CimoUchthys  sulcatus.     Cope. 
Cimoliehthys  semiayiceps.     Cope. 
CimoUchthys  anceps.    Cope. 
Cimoliehthys  gladiolus,     Cope. 
Ciinolichthys  {f)  carinains.     Cope. 
Enchodus  calUodon,     Coi>e. 
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Fam(?) 
(Apsopelix  Bauriformis,  Cope.   Hayden's  Report,  Wyoming,  1871,  p.  423.) 

Selachii. 
Galeocerdo  erassidena.    Cope. 
Oaleocerdo  hartvelliu    Cope. 

Of  the  preceding  twenty-four  species,  the  greater  part  are  Physostom- 
ous  Aetinopteri,  and  there  is  no  species  of  a  Physoclystous  family  in  the 
list.*  No  trace  of  spines  or  scales  of  fishes  of  the  latter  character  have 
been  yet  discovei'ed  in  strata  of  this  period  in  the  West,  though  one 
{Beryx  insculptus,  Cope,)  has  been  discovered  by  Dr.  Lockwood  in  the 
green-sand  marl  of  New  Jet*ey. 

In  the  second  place,  it  is  of  importance  to  observe  that  the  genera  have 
nearly  all  been  obtained  froBpi  the  chalk  of  Europe.  Portheus  is  repre- 
sented perhaps  by  some  specimens  referred  to  Hypsodon  ;  one  species  of 
Ichthyodectes  is  figured  by  Dixon  from  Sussex,  and  one  of  Gimolichthys 
and  Pdchyrhizodus  each.  Enehodus  has  long  been  known  from  Holland, 
etc.,  Apsopelix,  Empo  and  Stratodus  being  so  far  the  only  ones  not  found 
in  Europe.  This  is  of  much  interest  in  every  respect,  and  points  to  the 
synchronism  as  generally  understood,  between  the  chalk  formations  of 
Kansas  and  of  England. 


'     Stated  Meeting^  February  16, 1872. 
Present,  16  members. 
President,  Dr.  Wood,  in  the  Chair. 

A  carte  de  visite  photograph  and  letter,  acknowledging 
receipt  of  diploma  of  membership  was  received  from  Prof. 
^Charles  H.  Hitchcock,  dated  Hanover,  N.  H.,  February  3d, 
1872. 

A  photograph  was  received  from  Rev.  E.  R.  Beadle,  dated 
1824  Delancey  Place,  Phila.,  Feb.  7th,  1872. 

Letters  acknowledging  the  receipt  of  diplomas  of  member- 
ship were  received  from  the  Rev.  K  E.  Hale,  dated  Roxbuiy, 
Mass.,  Feb.  5,  and  from  Mr.  Edward  Quincey,  dated  Ded- 
ham,  Mass.,  Feb.,  1872. 

*  In  describing  Elaamoaawnu  I  state  that  remains  of  six  species  of  Physoclystous  fishes  were 
found  in  the  matrix  surrounding  the  bones.  This  statement  was  founded  on  the  assumption  of 
prerious  authors,  that  the  forms  of  fishes  above  described  were  related  to  Sphyraena. 
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A  letter  accepting. election  to  membership  was  received . 
from  Prof.  Or.  W.  Hough,  dated  Dudley  Observatory,  Albany,. 
Feb.  1, 1872,  sending  also  a  donation  for  the  Library. 

Letters  -acknowledging  the  receipt  of  the  Publications  of 
the  Society  were  received  from  the  I.  Academy  at  Vienna, 
Jan'y  7, 1871  (XIIL,  iii.  81, 82) ;  R.  Society  at  Upsal,  Nov.  1, 
1870  (77,  78,  80,  81,  82) ;  R.  Library  at  the  Hague,  Aug.  27, 

1870  (Xin.,  iii.  82);  July  15,  1871  (XIV.,  i.,  iii.  84,  85); 
Holland  Society  at  Harlem,  June,  1871  (XIV.,  i.,  ii.,  84,  86); 
Batavian  Society  at  Rotterdam,  Sept.  23,1870  (XIII.,  iii.,. 
82,  83);  July  26, 1871  (XIV.  i.,  ii.,  84,  85) ;  Royal  Academy 
at  Amsterdam,  Dec.  15,  1869  (XIIL  iii.,  81,  82,  83) ;  R. 
Academy  at  Brussels,  Aug.  30, 1870  (82,  83) ;  July  15, 1871 
(XIV.  ii.,  84) ;  Society  of  Physics,  &c.,  at   Geneva,  Oct.  1, 

1871  (XIV.  i.,  ii.,  84,  85). 

Letters  announcing  the  envoy  of  publications  to  this  So- 
ciety were  received  from  the  Im.  Academy  at  Vienna,  Sep.  26, 
1871 ;  R.  Society  at  Upsal,  Nov.  1, 1870 ;  Observatory  at  Prag., 
Sep.  22, 1871 ;  Geological  Society  at  Dresden,  Oct.  15, 1871 ; 
Central  Scientific  Bureau  at  Harlem,  July  30, 1871 ;  Batavian 
Society  at  Rotterdam,  May,  1871 ;  R.  Academy  at  Amster- 
dam, Oct.  24, 1870;  R.  Academy  at  Brussels,  July  25, 1871. 

Donations  for  the  Library  were  received  from  the  Societe 
Imp.  des  N'aturalistes  at  Moscow,  Royal  Society  and  Observa- 
tory of  the  University  at  Upsal,  Royal  Prussian  Academy^ 
Verein  fiir  Erdkunde  at  Dresden,  Natural  History  Society  at 
Bamberg,  K.  K.  Observatory  at  Prague,  M.  Barande,  Holland 
Society  at  Harlem,  Royal  Academy  at  Amsterdam,  Batavian 
Society  at  Rotterdam,  Royal  Academy  and  Observatory  at 
Brussels,  M.  Quetelet,  Physical  Society  at  Geneva,  Geological 
Committee  of  Italy,  Signor  Anianelli,  of  Naples,  Geographi- 
cal Society  at  Paris,  Bureau  des  Longitudes,  Revue  Polit- 
ique, M.  Ohabas  of  Chalons  sur  Saono,  the  Essex  Institute, 
Boston  Public  Library,  Dudley  Observatory,  Mr.  W.  "W. 
Mann,  of  New  York,  Medical  News  and  Library,  Half 
Yearly  Abstract  of  Medical  Sciences,  Penn  Monthly,  U.  S. 
Secretary  of  the  Interior,  and  Prof.  J.  S.  Newberry,  of  the 
Ohio  Geolog.  Survey. 
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The  Committee  on  the  observation  of  the  next  transit  oF 
Venus,  made  a  report,  with  a  memorial  to  Congress,  to  be- 
signed  by  the  officers  of  the  Society,  and  another,  of  like  im- 
port, to  be  signed  by  members  of  the  Society,  and  others  who 
may  be  disposed  to  join  in  the  object  proposed. — The  report 
was  accepted,  and  the  Committee  discharged,  and  the  memo- 
rial directed  to  be  signed  by  the  officers  of  the  Society. 

A  paper  was  read  by  Mr.  P.  E.  Chase,  on  the  Correlation 
of  Cosmical  and  Molecular  Forces,  which  was  referred  to  a 
Committee,  consisting  of  Profs.  J.  F.  Frazer,  E.  0.  Kendall 
and  S^  J.  Gummere. 

Prof.  Cope  laid  upon  the  table  certain  fossil  remains  from 
Utah,  and  presented  a  paper  descriptive  of  their  geological 
positions  and  relations,  entitled,  "  On  Bathmodon,  an  extinct 
genus  of  Ungulates." 

A  memoir  on  the  Geology  of  West  Virginia,  by  J.  J. 
Stevenson,  was  presented  by  J.  F.  Frazer,  and  referred  to  the 
Secretaries. 

Pending  nominations  N'os.  689-691,  and  new  nomination. 
No.  692,  were  read,  and  the  meeting  was  adjourned. 


Stated  Meeting^  March  1, 1872. 

Present,  18  members. 

Vice-President,  Prof.  J.  C.  Cresson,  in  the  Chair. 

A  letter  was  received  from  Mr.  S.  W.  Roberts,  accepting 
his  appointment  to  prepare  an  obituary  notice  of  Mr.  E. 
Miller. 

A  letter  of  envoy  was  received  from  the  R.  Society  of  An- 
tiquaries, London,  Feb.  26, 1872  (XIV.  iii.  87) ;  Boston  Public 
Library,  Feb.  28, 1872  (XIV.  iii.);  K  York  Hist.  Soc.  Feb. 
26, 1872  (XIV.  iii.);  Mass.  Hist.  Soc,  Feb.  26, 1872  (XIV.  iii.). 
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Donations  for  the  Library  were  received  from  the  R.  Bel- 
;gian  Academy,  Revue  Politique,  London  Nature,  Royal  So- 
•  ciety,  R.  Astronomical,  Chemical  and  Antiquarian  Societies, 
.and  Society  of  Arts  and  Institutions  in  Union,  H.  M.  Sec.  of 
State  for  India,  Greenwich  Observatory,  Geological  and  Poly- 
technic Society  of  West  Riding  of  Yorkshire,  Leeds  Phil. 
;and  Lit.  Soc,  Belfast  Flax  Extension  Association,  IS'ew  Bed- 
ford Public  Library,  Prof.  C.  H.  Hitchcock,  Boston  Old  and 
New,  American  Academy  of  Aits  and  Sciences,  New  York 
American  Chemist,  Philadelphia   Journal    of    Pharmacy, 
Bureau  of  Secretary  of  War  at  Washington,  and  the  .Uni- 
versity of  Virginia. 

The  Committee  to  which  was  referred  Prof.  P.  E.  Chase's 
paper  on  the  Correlation  of  Cosmical  and  Molecular  Forces, 
reported  in  favor  of  its  publication  in  the  Transactions,  which 
was  so  ordered. 

Mr.  Lyman  presented,  for  the  Transactions,  a  description 
of  a  part  of  the  Coal  region  of  Southern  Virginia,  with  an 
accurately  surveyed  map  of  the  same,  which  was  referred  to 
a  Committee,  consisting  of  Mr.  Lesley,  Prof.  J.  F.  Frazer 
.and  Dr.  Genth. 

Prof.  Cope  read,  by  title  for  the  Proceedings,  two  papers, 
-entitled,  "  On  two  new  Ornithosaurians  from  Kansas,"  and 
•"On  the  genus  Protostega,  a  form  of  Extinct  Testudinata,'' 
which  were  referred  to  the  Secretaries. 

Mr.  Price  read  the  first  portion  of"  a  Communication  en- 
titled, "  Another  Phase  of  Modern  Philosophy." 

Prof.  Stevenson's  paper,  read  at  the  last  meeting,  was,  on 
motion  of  the  Secretary,  referred  to  a  Committee,  consisting 
of  Dr.  Genth,  Mr.  Lesley  and  Prof.  Frazer,  Jr.,  to  report  on 
the  propriety  of  publishing  it  in  the  Transactions  of  the 
Society. 

The  Report  of  the  Treasurer  of  the  Trustees  of  the 
Building  Fund  was  read  by  Mr.  Marsh. 

Pending  nominations,  Nos.  689  to  692  were  read. 
And  the  meeting  was  adjourned. 
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ANOTHER  PHASE  OF  MODERN  PHILOSOPHY. 

By  E.  K.  Price. 

{Read  before  the  American  PJiilosophical  Society,  March  Ist,  1872.) 

**  All  flesh  is  not  the  same  flesh."  **  There  is  one  flesh  of  men  and  an- 
other of  beasts."  "  What  is  a  man  profitedif  he  shall  *  *  *  lose  his 
own  soul?" 

Those  who  have  lived  through  nearly  three-fourths  of  the  Nineteenth 
Century,  and  witnessed  the  many  useful  and  brilliant  discoveries  that 
have  illustrated  the  past  two  ages,  may  not  safely  venture  to  discourage 
the  boldness  of  any  investigations  that  are  legitimately  pursue'd.  Nor 
will  any  one  properly  criticise  or  censure  those  who  in  the  main  are  doing 
good  service  to  science,  unless  he  clearly  perceives  that  the  great  canon  of 
philosophizing,  which  all  must  acknowledge,  has  not  been  duly  observed. 
When  such  case  occurs  in  matters  of  highest  importance,  it  then  becomes 
the  duty  of  the  humblest  to  speak  out  in  the  correction  of  what  he  believes 
to  be  error,  in  the  name  of  an  all-pervading  philosophy,  and  in  behalf  of 
our  common  humanity,  according  to  his  own  conviction  and  ability. 

The  first  lesson  the  scientist  should  learn  is  that  of  the  limit  of  the 
human  understanding,  beyond  which  it  is  useless  to  attempt  to  investi- 
gate ;  and  to  recognize  as  inviolable  those  secrets  which  the  Creator  has 
chosen  to  reserve  to  Himself,  and  to  which  there  is  no  response  to  interro- 
gation. The  second,  is  to  make  sure  of  all  the  facts  requisite  to  the 
ascertainment  of  truth,  and  thence  to  draw  only  such  conclusion  as  the 
known  facts  will  justify. 

The  physicists  of  this  century  have  studied  life  from  its  physical  basis, 
and  have  too  often  made  the  life  and  the  mind  of  man  the  product  of 
matter.  I  propose  to  discuss  this  theory,  particularly  in  review  of  Pro- 
fessor Huxley's  Physical  Basis  of  Life,  both  to  show  that  he  has  drawn 
his  conclusions  upon  inadequate  facts,  and  that  he  has  left  out  of  view 
the  facts  that  show  the  distinctive  nature  and  operations  of  the  life  and 
of  the  mind. 

Let  us  first  consider  a  few  of  the  subjects  having  a  bearing  upon  his 
theory,  wherein  the  limit  to  knowledge  is  recognizable,  beyond  which 
further  research  is  sure  to  be  baffled.  Nothing  is  more  familiar  to  us 
than  our  own  life.  It  is  that  self  we  should  best  know ;  and  we  can  and 
do  know  many  things  about  it ;  indeed  all  about  it,  except  the  mystery 
how  it  can  possibly  be,  and  can  carry  on  its  own  functions.  We  can  see 
and  dissect  our  bodily  structure  of  bones,  joints,  muscles,  tendons ;  brain, 
nerves,  tissues;  heart,  arteries,  veins,' etc.  We  see  and  feel  the  body's 
functions  as  they  are  carried  on.  We  see  how  it  is  fed  with  food,  and 
how  the  circulations  are  kept  going  and  the  strength  is  maintained  ;  and 
know  that  the  food  taken  is  transmuted  into  the  living  being.  We  are 
invited  to  eat  and  drink  to  appease  hunger  and  thirst,  and  thereby  we 
both  avert  greater  pain,  and  enjoy  pleasure.  The  food  is  dissolved  by  the 
gastric  juice  secreted  by  the  stomach,  and  is  then  chyme.  This  in  its  de- 
A.  p.  S.— VOL.  XII. — ^2t 
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scent  receives  the  juice  of  the  pancreas,  and  the  bile  from  the  gall-bladder 
of  the  liver.     The  action  of  the  stomach  keeps  its  contents  in  motion ; . 
and  one  portion,  unfitted  to  enter  the  life-process,  is  rejected  into  the 
draught ;  the  other  called  cliyle,  is  a  milky  fluid,  which  the  lacteala  open- 
ing into  the  intestines  imbibe  and  carry  to  the  thoracic  duct  and  into  the 
venous  system.    The  heart  propels  the  crimson  blood  that  is  returned  to 
it  by  the  veins,  together  with  the  contributions  of  chyle,  upon  the  lungs, 
where  it  meets  the  oxygen  of  the  air,  is  decarbonized,  and  becomes  scar- 
let ;  and  this  bright  red  blood,  being  returned  to  the  heart,  is  propelled 
through  the  arteries  to  the  extremities  of  the  body,  freighted  with  all  the 
material  the  system  demands ;  the  corpuscles  for  bone,  muscle,  tendon, 
tissue,  etc.,  and  delivers  them  as  and  where  wanted,  and  from  the  ex- 
tremities the  blood  is  returned  through  the  veins  to  the  heart.     The  pro- 
cess of  life  is  carried  on  by  ceaseless  pulsations.     The  heart  throbs ;  the 
arteries  expand  and  conti-act ;  tlie  stomach,  the  diaphragm  and  chest 
expand  and  contract ;  the  lungs  are  kept  in  play,  and  we  breathe ;  the 
intestines  are  operated  by  the  peristaltic  motion,  and  the  glands  and 
absorbents  are  ever  at  work.    All  this  we  perceive,  or  the  anatomist  or 
physiologist  does  for  us,  and  to  him  all  is  as  familiar  as  things  of  daily 
obsei-vation.    But  can  he  tell  us  what  life  is,  or  how  it  acts  with  an  intel- 
ligence sui'passingly  wonderful?    We  see  in  this  process  that  the  food 
has  become  part  of  the  living  being  ;  and  it  will  remain  such  so  long  as  it 
is  useful  to  the  creature,  and  when  any  part  becomes  useless  in  the  animal 
economy  it  is  rejected,  so  that  after  a  few  years  the  whole  system  is  com- 
posed of  new  materials,  but  the  same  life  of  identical  consciousness  has 
survived,  and  may  survive  more  than  ten  entire  changes  of  the  life-mo- 
lecules.   It  is  the  life  in  the  body,  and  only  the  life  that  has  had  power  to 
take  in,  digest,  and  assimilate  the  organic  food  we  eat,  and  make  it  part 
of  itself.     Why  or  how  the  thing  we  call  life  can  do  all  this,  no  micro- 
scope reveals  to  our  sight ;  no  skill  of  dissection  can  reach  it ;  no  cunning 
of  thought  can  teach  us.    We  only  witness  the  process  and  the  fact  of 
life.     The  Power  that  created  the  life,  and  endowed  it  with  its  wonderful 
intelligence,  has  chosen  to  keep  this  secret  to  Himself ;  and  though  it  is 
ourself,  and  we  are  always  conscious  of  its  presence  and  action  while  we 
live,  we  can  never  tell  what  it  is,  or  how  it  lives.     We  must  accept  it  as 
an  ultimate  fact ;  but  from  that  fact  we  may,  if  we  are  logical,  infer  that 
it  had  an  Author,  who  could  create  it,  and  yet  permit  us  never  to  know 
His  secret,  though  that  secret  be  our  own  life.     The  unknowable  is  thus 
dwelt  upon  not  only  to  heighten  our  conception  of  Deity,  but  to  show 
where  time  and  labor  would  be  spent  in  vain ;  and  also,  because  it  is  salu- 
tary that  all  who  investigate  science  should  do  so  with  the  humbling 
consciousness  that  all  that  is  known  bears  a  very  small  proportion  to  that 
which  here  cannot  be  known.    Yet,  from  the  known,  from  the  evidence 
of  its  design,  and  power,  and  beneficence ;  its  obedience  to  law,  and  har- 
monious movements ;  its  grandeur  and  glory,  we  surely  infer  a  Creator,. 
Almighty  and  Omniscient. 
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Let  us  go  back  a  stage  in  the  being  of  this  life,  whose  source  and  nature 
-we  are  invited  by  Dr.  Huxley  to  investigate.  From  a  vitalized  ovum^ 
seemingly  but  a  speck  of  jelly,  the  foetal  being  is  developed  into  a  body, 
with  every  part  prepai'ed  to  begin  the  hardening  process  of  breathing  life. 
Until  birth  it  derives  its  nourishment  from  the  mother  by  the  umbilical 
cord  attached  to  its  navel.  In  due  time  it  is  expelled,  by  nature's  timely 
eflfort,  that  child  and  mother  may  continue  to  live.  The  physical  liga- 
ment that  united  them  is  severed,  and  the  separate  life  begins.  The 
child  now  breathes  for  itself,  and  takes  food  into  its  own  stomach.  Still 
the  nourishment  comes  from  the*  mother,  and  nature  has  provided  it,  a* 
wanted,  in  her  breast.  At  those  fountains  the  child  drinks  by  a  process- 
its  instinct  has  already  taught  it.  Its  food  is  that  adapted  to  enter  into< 
its  circulation  and  nourish  its  life.  The  lacteal  ducts  absorb  the  milk  and 
carry  it  into  the  current  of  life.  Why  this  should  all  be,  we  readily  un- 
derstand ;  but  how  this  harmonious  process  takes  place,  with  such  sure 
observance  and  beneficent  end,  we  cannot  penetrate.  We  say  that  nature 
and  instinct  do  that  we  so  admiringly  behold.  But  if  nature  had  an 
Author,  then  it  was  God  who  does  it,  to  continue  our  race.  Yet  He  re- 
tains the  secret  He  chooses  not  to  reveal. 

But  we  must  recede  yet  further  to  reach  the  physical  beginning  of  life. 
In  animals  and  vegetables  of  highest  organization,  we  find  that  there  are 
two  sexes  requisite  to  the  reproduction  of  life.  We  will  take  the  illustra- 
tion from  the  vegetable  kingdom,  whence  the  inference  may  be  made  to* 
the  animal,  including  man.  When  the  sun's  warmth  revisits  us,  and: 
spring  has  come  with  her  showers,  we  have  also  the  flowers.  These  are- 
not  only  for  our  pleasure  and  refinement  of  taste,  but  they  are  nature's- 
bridal  habiliments.  The  two  sexes  may  be  found  in  the  same  blossom  ;. 
or  in  separate  blossoms  on  the  same,  or  different  trees.  The  base  of  the^ 
pistils  contains  the  female  ovules,  made  but  to  perish  in  sterility  unless^ 
they  shall  receive  the  pollen  formed  in  the  anthers  of  the  stamens  ;  but 
are  not  permitted  to  perish,  for  the  breezes  are  ever  transporting  the  dust 
of  the  pollen  to  the  awaiting  ovules  ;  and  the  busy  bee  and  insects,  as  they 
flit  from  flower  to  flower,  assist  in  nature's  requirement.  In  the  speck  of 
male  dust  is  the  beginning  of  life,  to  find  its  necessary  receptacle  in  the 
female  molecule  of  matter.  The  ovules  are  fructified ;  the  flower  fades, 
and  dies,  for  it  has  fulfilled  its  office  ;  but  the  seed  grows  and  matures,  audi 
is  the  germ  of  another  life,  that  shall  be  like  imto  the  parent.  All  this  is. 
watched,  aud  surely  observed ;  it  is  beautiful  to  behold,  and  of  most 
beneficent  purpose,  fbr  without  it  all  vegetable  and  animal  life  would 
cease  upon  the  earth.  But  the  ultimate  secret  who  can  find  out  ?  Why 
the  pollen  should  be  requisite  to  fructification ;  how  it  should  have  the 
power  thus  to  impart  life,  man  has  never  found  out,  .;gi.nd  probably  wilL 
never  discover.  We  have  looked  upon  the  renewed  vernal  life  of  the 
vegetable  kingdom  with  sympathy,  and  in  that  sympathy  we  have  invested, 
nature  with  our  own  feelings,  and  she  has  seemed  to  us  sensient  of  joy.. 
And  now,  returning  to  ourselves,  as  subjects  of  the  like  process,  we  behold 
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the  fruit  to  be  not  only  new  life,  but  in  its  consequences  to  be  man's  chief 
resource  for  all  his  happiness ;  for  hence  spring,  the  comforts  and  refine- 
ments that  belong  to  the  family  ;  the  love  of  wife  and  children  ;  intellec- 
tual culture,  developed  aflfections  ;  and  the  training  of  human  souls.  We 
bave  been  thus  led  by  a  pleasurable  instinct,  and  a  virtuous  obedience,  to 
continue  our  race,  and  have  found  therein  our  best  welfare  and  highest 
-excellence.     God  has  done  this,  yet  has  kept  His  secret. 

But  science  will  ever  interrogate  nature  ;  does  so  boldly  but  not  blam- 
Ably.  She  will  with  telescope  ceaselessly  sweep  the  heavens  ;  she  will 
with  microscope  untiringly  explore  a  boundless  life  that  everywhere  teems 
unseen  by  the  naked  eye  ;  she  ever  applies  her  chemical  tests  and  analyses 
as  keen  as  the  sharpened  human  intellect.  Her  researches  are  well  re- 
warded ;  but  she  may  not  know  all.  For  often  it  "happens,  that  "Seeing 
ye  shall  see,  and  shall  not  perceive."  With  the  microscope  and  scalpel 
the  sources  of  life  are  explored,  and  science  announces  that  all  life,  in  the 
higher  organizations,  comes  and  is  maintained  by  the  blood  propelled  from 
the  heart.  Thence  came  the  parental  germs  that  have  met  and  started 
the  embryonic  life ;  thence  has  come  every  increment  that  has  given  the 
body  growth  from  the  gelatinous  germ  to  the  mature  man.  You  have 
traced  the  physical  being  back  to  nearly  its  starting  point,  and  found  its 
component  parts  all  to  have  been  molecules  of  matter,  or  corpuscles,  or 
cells  in  the  blood.  These  the  physiologist  declares  to  be  the  physical  basis 
of  life.  We  may  not  venture  to  deny  this  conclusion,  for  his  dissections 
and  magnified  sight  have  revealed  what  he  describes,  and  it  comports 
with  our  observations.  But  chemical  tests  can  but  imperfectly  verify  his 
observations,  for  they  can  only  be  applied  to  matter  dead,  and  when  life 
has  ceased  to  resist  nature's  chemistry,  that  chemistry  is  quick  to  change 
the  material  which  had  been  the  living  source  of  life 's  supply.  The  as- 
sisted eye  has  seen  in  that  crimson  current,  says  Huxley,  "innumerable 
multitudes  of  little,  circular,  discoidal  bodies,  or  corpuscles,  which  float 
in  it  and  give  it  its  color,  (and)  a  comparatively  small  number  of  colorless 
corpuscles,  of  somewhat  larger  size  and  very  irregular  shape."  Huxley 
speaks  of  these  as  marvelously  active,  changing  their  form  with  great 
rapidity,  as  if  independent  organisms  ;  and  their  substance  he  calls  proto- 
plasm. These  he  calls  the  units  of  the  human  body,  and  says  :  "Beast 
and  fowl,  reptile  and  fish,  mollusk,  worm  and  polyp,  are  all  composed  of 
structural  units  of  the  same  character,  namely,  masses  of  protoplasm 
with  a  nucleus."  "  Thus  it  becomes  clear  that  all  living  powers  are  cog- 
nate, and  that  all  living  forms  are  fundamentally  of  one  character." 
Thus  while  Darwin  would  make  all  living  beings  related  by  descent  firom 
a  common  parent,  Huxley  would  make  all  to  be  related  as  creatures  of 
the  same  blood. 

Now  the  only  reliable  basis  for  such  conclusions  seems  to  be  the  mag- 
nified vision,  limitedly  applied,  revealing  similarity  of  looks  and  activities. 
The  elements  of  the  universal  protoplasm  are  stated  to  be  "carbon, 
^hydrogen,  oxygen  and  nitrogen."    But  it  is  not  shown  or  said  that  these 
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exist  in  the  like  proportion  in  the  protoplasm  of  different  creatures, 
which  migh:fc  explain  much  of  the  difference  there  is  in  their  structure. 
Thus  if  the  proportion  of  oxygen  in  the  air  was  considerably  increased,  all 
life  would  be  burnt  up  ;  and  if  the  proportion  of  nitrogen  were  consider- 
ably increased  in  the  atmosphere  we  breathe,  all  life  would  be  extin- 
guished. "Without  much  more  observation  than  appears  to  have  been 
made,  science  cannot  insist  upon  the  sweeping  generalization  Dr.  Huxley 
has  made,  that  all  living  creatures  are  cognate.  His  facts  are  few,  and 
the  theory  deduced  runs  counter  to  the  common  observations  of  men. 
Likeness  in  the  looks  of  the  white  corpuscles,  without  showing  of  what 
tiiey  consist,  or  actually  do,  is  not  proof  adequate  to  the  induction.  The 
ova  in  the  ovarium  of  living  creatures,  and  the  initiate  particle  that  vital- 
izes them,  may  appear  much  alike  under  the  microscope ;  but  from  the 
ovum  of  one  comes  a  fish,  from  another  a  fowl,  from  another  a  beast,  and 
from  another  man.  It  is  inferable  that  fi*om  the  germ  upwards  the  struc- 
tures of  these  creatures  have  had  various  elements  and  in  differing  pro- 
portions. *  Were  it  not  so,  creatures  so  diverse  in  form  and  nature,  it 
seems  not  reasonable  to  believe,  could  be  the  result.  This  objection  Hux- 
ley does  not  attempt  to  explain. 

Again,  the  different  kinds  of  food  that  animals  live,  upon  show  that  the 
nourishment  that  feeds  their  life,  in  its  first  vitalized  stage,  called  by 
Huxley  protoplasm,  must  vary  in  the  nature  and  proportions  of  its  ele- 
ments. Some  live  on  animal  food  only ;  others  upon  grasses  and  grain 
only  ;  man  upon  animal  food,  grain  and  vegetables.  Some  can  eat  with 
impunity  things  poisonous  to  others.  Some,  too,  secrete  deadly  poison 
from  the  material  within  them.  The  qualities  of  the  things  eaten  or 
drank  must  enter  into  the  circulation  and  growth,  and  these  must  furnish 
molecules  or  cells  of  qualities  such  as  the  body  demands.  Portions  of 
food  are  to  be  rejected  ;  first  without  entering  the  circulation,  and' after- 
wards through  the  secreting  glands.  The  breath  of  the  drunkard  shows 
that  alcohol  has  entered  his  circulation  and  is  exhaled  from  his  lungs  ;  it 
is  shown  in  the  capillaries  of  his  face  ;  and  by  dissection,  it  is  perceived  in 
the  brain.  The  nuj-sing  mother,  who  has  taken  medicine,  transmits  a 
portion  of  it  to  her  child,  by  the  milk  secreted  from  her  blood.  Many 
medicines  are  administered  with  the  view  to  their  effect  through  the  blood- 
circulation.  These  enter  the  vital  current  and  produce  their  known  effects. 

The  cold-blooded  and  warm-blooded  animals,  the  edible  and  poisonous, 
cannot  be  taken  to  be  creatures  of  the  same  substance ;  and  though  they 
may  have  been  built  up  from  a  fiuid  circulation,  it  cannot  reasonably  be 
inferred  that  they  have  been  composed  of  the  same  elements  ;  and  if  not 
of  the  same  elements,  the  protoplastic  theory  to  unify  life  becomes  base- 
less :   *  *  All  flesh  is  not  the  same  flesh. ' ' 

But  if  the.  vitalized  ova  and  protoplasm  that  start  and  build  up  life 
were  homogeneous,  or  approximately  so,  only  the  more  wonderful  must 
be  the  power  of  the  life  which  can  construct  creatures  of  the  diversity  we 
behold  in  sea,  or  air,  or  upon  the  land,  from  the  same  elements.    From. 
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•countless  globules  the  work  is  done.  But  each  living  creature  is  to  re- 
j[)roduce  its  like,  and  is  ever  to  reproduce  only  that ;  such  is  its  mission, 
and  it  unerringly  fulfills  that  mission.  Either  the  life  does  tliis,  or  He 
that  created  the  life.  It  is  no  known  property  of  matter  to  produce  lifie. 
And  the  moi*e  the  elementary  materials  are  alike,  the  more  each  life  must 
•do ;  the  more  it  must  rule  over  the  materials  to  produce  the  diversified 
results ;  and  the  less  the  materials  could  have  had  mastery  over  them. 
We  know  well  what  the  life  appears  to  do,  for  she  does  all  under  our  eyes 
and  within  us  ;  yet  she  dwells  herself  in  impenetrable  mystery.  What 
she  is,  and  how  she  can  cany  on  her  operations,  no  man  may  fully  know. 
The  keenest  in  scrutiny  are  not  agreed  as  to  the  import  of  what  they  see, 
and  Dr.  Huxley  has  not  explained  whence  the  colorless  corpuscles  he 
calls  protoplasm  are  derived ;  does  not  say  whether  they  are  particles  of 
food  or  chyle  in  transition  to  blood  corpuscles,  as  that  wliich  is  more 
vitalized,  or  whether  they  are  derived  from  the  latter ;  or  whether  red 
blood  contributes  any  material  for  the  construction  of  the  body.  The 
proportion  of  the  colorless  corpuscles  to  the  red  is  less  than  three  in  one 
thousand  (Dr.  Carpenter's  Physiology,  sec.  15).  To  make  the  few  color- 
less corpuscles  sufiice  for  the  consummation  witnessed,  seems  cause  inade- 
quate to  the  results;  and  is  to  make  the  vastly  gi-eater  mass  of  red  blood 
useless  in  the  process,  except  it  be  merely  as  a  tide  to  bear  along  the  vital 
corpuscles  to  the  places  of  destined  use.  He  gives  no  reason  why  the 
white  should  be  the  exclusive  material;  or  as  he  compares  it,  why  the  clay 
or  brick,  with  which  the  house  is  to  be  built,  is  alone  to  be  used,  though 
that  house  is  to  contain  also  all  other  requisites  to  comfort :  the  plastering, 
doors,  windows,  floors,  furniture  and  upholstery.  It  appears  to  be  an  as- 
sumption requiring  proof,  that  the  few  white  particles  alone  contribute  to 
form  and  repair  the  different  parts,  the  bone,  muscle,  tendon,  tissue,  etc., 
and  contrary  to  different  ends  to  be  subserved,  and  to  the  universal  econ- 
omy of  nature  that  does  nothing  uselessly.  These  different  parts  demand 
particles  of  like  nature  to  each  respectively.  We  know,  too,  that  the 
flesh  may  be  changed  in  color  and  quality  by  the  material  fed,  as  the 
feeders  of  stock  well  know ;  and  this  seems  proof  that  the  elements  that 
nourish  and  fatten  are  not  protoplastically  the  same  in  substance  or  color. 
Dr.  Carpenter  speaks  of  the  red  corpuscles  as  "especially  concerned  in 
preparing  pabulum  for  the  nervous  and  muscular  tissues,  the  former  of 
which  is  distinguished  by  the  presence  of  phosphorized  fats,  and  the 
latter  by  the  remarkable  predominance  of  the  potash  salts  ;  and  this  view 
derives  further  confirmation  from  the  fact  that  a  fiesh  diet  seems  to  have 
a  decided  effect  in  the  formation  of  red  corpuscles."  (Physiology,  Sec. 
160.)  And  he  devotes  some  paragraphs  to  show  that  the  colorless  cor- 
puscles are  but  another  stage  of  the  evolution  of  the  red  corpuscles.  (Sec. 
163,  etc.)  Again  he  says,  "That  the  corpuscles,  however,  both  red  and 
colorless,  are  living  cells,  and  that,  like  other  cells,  they  possess  vital  en- 
dowments peculiar  to  themselves,  is  not  now  questioned  by  any  one." 
(lb.  Sec.  196.) 
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We  are  to  go  deeper  than  a  certain  likeness  in  protoplasms,  to  under- 
stand so  much  of  life  as  we  are  permitted  to  know.     Dr.  Huxley  in  his 

.  article  entitled,  *  *  Yeast, ' '  disclaims  having  said  anything  new  in  his  lecture 
upon  "The  Physical  Basis  of  Life."  He  is^  however,  responsible  for 
what  he  adopts,  and  for  the  breadth  and  length  of  his  deductions.  Pro- 
toplasm he  considers  the  basis  of  life,  and  that  it  is  a  physical  basis  ;  and 
he  assigns  no  other  than  this  as  cause  of  life,  and  makes  the  life  but  a 
property  of  the  protoplasm.  He  says:  .**If.  the  properties  of  water  may 
be  properly  said  to  result  from  the  nature  and  disposition  of  its  compo- 
nent molecules,  I  can  find  no  intelligible  ground  for  refusing  to  say  that 
the  properties  of  protoplasm  result  from  the  nature  and  disposition  of  its 
molecules."  Nature  is  deemed  exuberant  of  one  aliment,  called  proto- 
plasm, that  supports  all  the  life  of  the  world,  whether  received  by  the 
roots  into  the  circulation  of  the.  trees,  or  by  the  stomach  into  the  circu- 
lations of  animals;  "a  unity  of  power  or  faculty;  a  unit  of  foim,  and 
a  unit  of  substantial  composition  ;  does  pervade  the  whole  living  world." 
He  continues,  "All  the  multifarious  and  complicated  activities  of  man 
are  comprehensible  under  three  categories :  either  they  are  immediately 
directed  towards  the  maintenance  and  development  of  the  body,  or  they 
effect  transitory  changes  in  the  relative  positions  of  parts  of  the  body,  or 
they  tend  towards  the  continuance  of  the  species.  Even  these  manifes- 
tations of  intellect,  of  feeling  and  of  will,  which  we  rightly  name  the 
higher  faculties,  are  not  excluded  from  the  classification."  "Tliis  pro- 
toplasm exhibits  the  phenomena  of  life."  These  extracts,  and  the  drift 
of  the  lecture  show  that  the  author  is  not  merely  showing  what  is  the 
physical  basis  of  life,  but  is  attempting  to  show  that  life  is  but  a  property 
of  matter  which  accounts  for  all  bodily  and  mental  activities.  He  makes 
life  a  property  of  protoplasm ;  and  protoplasm  a  thing  composed  of  car- 
bon, hydrogen,  oxygen  and  nitrogen ;  as  water  is  a  tiling  composed  of 
hydrogen  and  oxygen ;  and  that  as  "  aquosity  "  cannot  be  said  to  exist  to 
produce  the  water  from  said  two  gases,  so  is  "vitality  "  not  to  continue 
to  be  spoken  of  as  something  existing  in  the  living  matter,  which  had  no 
representative  in  the  non-living  matter  which  gave  rise  to  it.  But  the 
water  is  a  chemical  compound,  and  protoplasm  consists  of  parts  not 

'  chemically  united ;  but  united  by  that  thing  called  life  tliat  resists  chemi- 
cal aetion ;  that  has  properties  of  a  nature  other  than  chemical,  and  is  in 
all  nature  peculiar  and  discriminated.  We  see  that  he  would  thus  sink 
the  life  mto  protoplasm,  and  make  it  and  the  intellect  but  a  property  of 
matter.  But  others  should  make  better  observation  and  induction. 
It  may  well  be  asserted  from  all  that  we  can  observe  and  know,  that 

.  matter  cannot  originate  life ;  nor  life  matter.  Each  logically  demands  a 
Creator.  Life  cannot  originate  itself ;  but  only  continue  the  previously 
created  life,  by  a  power  conferred  on  life  to  continue  life.  Dead  matter 
may  be  vitalized  and  thus  become  part  of  the  living  body ;  but  the  life 
must  first  be,  to  appropriate  matter  for  its  uses,  to  vitalize  it,  and  to  build 

.up  the  living  body  and  to  continue  it  in  life.    In  all  time,  only  life  has 
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initiated  the  beings  of  the  successive  generations.  We  liave  only  to  con- 
sider all  we  know  to  be  assured  of  these  truths.  No  protoplasm  could 
now  exist,  unless  life  had  produced  it.  It  never  has  been  chemically  or 
othei-wise  than  by  life  prodi^ced,  except  as  first  created.  It  is  only  found 
in  the  vital  current  produced  from  dead  food.  The  immediate  cause  of 
it  there  must,  therefore,  be  the  preceding  vital  processes,  endued  with 
power  to  impart  life  to  dead  matter.  In  this  result,  Dr.  Carpenter  cou> 
siders  the  liver  and  spleen  perform  important  service. 

The  interest  of  science  and  truth  require  that  we  here  take  a  yet  closer 
view  of  life's  origin  and  perpetuation.  Our  love  of  ti*uth  and  our  rever- 
ence for  God  will  preserve  us  from  eveiy  unhallowed  thought.  "No  obser- 
vation or  philosophy  can  account  for  the  first  pair  of  each  living  species, 
otherwise  than  by  the  logic  that  all  that  we  behold  must  have  had  a 
transcending  Creator.  Our  race  must  have  had  its  Adam  and  Eve,  or 
first  parents,  ungenerated.  Judging  from  all  that  observation,  and 
science,  and  history  can  teach  us,  every  subsequent  being  has  had  its 
incipient  germ  of  life  from  a  male  parent,  but  only  to  become  another  life 
wlien  that  genu  has  met  the  prepared  ovule  in  the  mother  that  is  to  aftbrd 
the  oli'spring  its  nourishment  and  growth.  It  is  only  that  seminal  germ 
that  is  the  incipient  life,  that  first  unites  with  the  ovules  and  afterwards 
appropriates  every  other  particle  of  matter  that  enters  into  the  life  of  the 
new  being.  How  nourished  from  the  mother,  we  have  noticed.  In  due 
time,  but  by  coarser  food,  the  man  and  the  woman  of  each  generation 
are  built  up  to  their  mature  perfection.  But  it  was  the  life,  beginning  as 
a  speck,  that  began  and  has  completed  the  structure  by  employing  the 
subsei'vient  molecular  matter.  The  matter  of  itself  could  have  taken  no 
step  in  the  process  ;  it  could  have  sent  not  a  cell  to  form  the  growing, 
living  structure,  if  the  pre-existing  life  had  not  prepared  that  cell  from 
matter  di-awn  by  the  life-process  into  the  life-current,  and  afterwards 
placed  it  where  the  life-builder  required  its  service.  That  which  was 
dead  in  the  stomach  took  life  in  the  blood  ;  for  the  life-blood  had  power 
to  impart  its  life  to  the  elements  it  needed  for  the  body's  growth. 
It  is  ti*ue  now  as  when  Moses  gave  his  commandments,  *'The  blood  is 
the  life  ;  and  thou  mayest  not  eat  the  life  with  the  flesh." 

Dr.  Carpenter  says  :  "After  the  Chyle  and  Lymph  have  began  to  flow 
into  the  circulating  current,  the  continued  generation  of  red  corpuscles  is 
due  to  the  progressive  metamorphosis  of  the  corpuscles  of  those  fluids, 
is  an  opinion  that  has  come  to  be  very  generally  received  by  physiolo- 
gists." (lb.  Sec.  168.)  "Looking,  again,  to  the  undoubted  vitality  of 
the  corpuscles,  and  to  the  strong  ground  for  regarding  fibrin  also  as  an 
instrument  of  vital  force,  we  caimot  but  perceive  that  the  life  of  the 
blood  is  as  legitimate  a  phrase,  and  ought  to  carry  as  much  meaning  in 
it,  as  the  life  of  a  muscle."  (lb.  Sec.  221.)  "Thus  then,  we  seem  justified 
in  the  behef  that  the  Blood,  like  the  solid  tissues,  has  a  formative  power 
of  its  own,  which  it  exerts  in  the  appropriation  of  the  new  material  sup- 
plied to  it  from  the  food."     (lb.  223.)     "There  is  not,  in  fact,  a  more-^ 
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remarkable  indication  of  Hhe  Life  of  the  Blood,'  than  is  afforded  by  its- 
extraordinary  power  of  self-recovery,  after  having  undergone  the  excessive- 
perversion  which  is  consequent  upon  the  introduction  of  the  more  potent 
zymotic  poisons ;  and  every  jftiilosophical  physician  is  ready  to  admit 
that,  in  this  vis  medicairix  naturcB,  rather  than  any  remedial  agency 
which  it  is  in  his  power  to  apply,  he  must  look  for  the  restoration  of 
his  patient."  (lb.  Sec.  232.)  It  is  the  Life  that  is  thus  potent  to  carry 
on  her  work  ;  to  repel  injury,  and  to  cure. 

Let  any  one  look  back  upon  the  origin  of  life  and  its  perpetuation,  and 
he  must  say,  in  the  retrospect,  "Between  me  and  the  first  man  of  my 
race  the  thread  of  life  has  never  been  broken.  I  am  more  than  link  of  a 
chain  ;  I  am  part  of  that  first  life,  never  yet  severed.  As  his  was  from 
God,  so  is  mine  that  of  an  ancestry  of  one  continuous  life,''*  At  the 
inception  of  each  generation  that  has  preceded  each  of  us  through  many 
thousands  of  years,  life  was  but  an  inherited  speck  ;  but  that  speck  was 
part  of  the  next  preceding  life — commissioned  to  seize  upon  matter  for 
its  growth,  in  manner  to  fulfill  the  design  of  the  Creator  of  the  first  life, 
and  no  other — and  bound  to  arrest  its  own  growth  when  that  design 
should  be  filled  out ;  but  yet  continue  the  nurture  of  the  normal  being 
until  its  strength  should  be  spent  by  its  assigned  lapse  of  years,  or  sooner 
termination  by  disease,  or  casualty.  If  it  has  left  offspring,  the  continuous 
line  of  life  may  never  be  broken, — as  certainly  it  will  not  have  been  as 
to  any  survivors  of  the  race,  whoever  they  may  be ;  for  between  them  and 
the  first  parent,  at  any  future  age,  their  genealogy,  their  life,  will  never 
have  been  severed.  But  the  elements  of  matter  that  have  composed  the 
bodies  of  the  countless  ancestry  will  have  been  dissipated  ten  thousand 
times,  and  gone  the  many  repeated  rounds  of -life  and  death ;  yet  one 
continuous  line  of  life  has  connected  all  the  generations  by  a  continuity 
more  complete  than  a  chain  of  many  severed  but  interlocked  links — ^by  an 
actual  physical  and  vital  portion  transmitted  from  every  parent  to  every 
child ;  being  as  truly  one  continuous  life,  as  that  the  planted  willow  slip 
continues  the  life  of  the  parent  tree. 

Let  not,  then,  the  materialist  persuade  us  that  matter  has  done  all  this 
by  matter's  inherent  power.  The  ceaseless  life  has  done  it,  compelling 
inert  matter  to  obey  it ;  and  thus  will  it  use  matter  to  carry  on  all  the 
life  of  earth,  while  the  world  shall  last.  The  dead  matter  so  used  could 
of  itself  exert  no  such  power  ;  could  not  initiate  life  ;  could  exercise  no 
cunning  of  construction  ;  but  only  life  can  continue,  cany  on,  and  per- 
petuate life  ;  so  ti-ansmute  dead  matter  to  living,  and  make  it  part  of  that 
life,  whose  stream  in  humanity  commenced  with  the  first  created  man, 
and  will  only  end  with  the  last.  All  this  is  sure  induction  from  bound-^ 
lessly  observed  facts  ;  and  reverses  the  theory  of  the  materialist.  And  all 
that  life  has  done  so  wonderfully  and  so  intelligently,  it  has  done  and 
ever  does  without  a  conscious  will  of  its  own.  It  must,  therefore,  do  it 
by  a  will  and  Power  that  is  above  it,  and  that  rules  the  life  ;  the  Power 
that  gives  and  rules  the  instinct  of  the  animal ;  the  Power  that  gives*  the 
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-mind  of  man  and  also  rules  it,  except  as  He  has  conferred  upon  it  free- 
will, within  permitted  limits. 

The  author  of  the  essay  on  the  Physical  Basis  of  Life,  carries  his  induc- 
tion beyond  animate  life.  He  makes  mafber  cause  of  life,  and  he  places 
vegetable  life  on  the  same  basis  with  the  animal,  and  makes  the  like 
protoplasm  the  source  of  both.  Both,  indeed,  have  their  circulations  in 
which  are  contained  material  elements  for  growth,  but  elements  of  a  quite 
different  nature  and  derivation.  The  animal  lives  on  organic  matter ; 
dead  matter  that  has  had  life  in  it ;  the  vegetable  derives  its  supply  fresh 
from  inorganic  matter  in  the  earth  or  air.  This  leaves  us  justly  to  infer 
that  the  elements  of  growth  are  of  different  kinds ;  and  if  so,  that  there 
then  can  be.no  protoplasmic  kindred,  and  nothing  is  gained  by  the  theory. 
The  fluid  in  the  thistle  and  other  plants  have  a  contractility  that  gives 
movement  to  the  circulation  and  diffuses  the  molecules  or  protoplasm. 
That  shows  a  different  impelling  force  from  that  of  the  heart  of  the 
animal ;  and  rather  indicates  a  want  of  identity  of  protoplasmic  material, 
while  the  wants  of  the  two  growths  demand  different  material.  The 
animal's  circulation  constantly  repeats  its  rounds,  while  the  plant's  growth 
depends  upon  a  single  fluid  transmission  from  root  to  leaf,  and  from  leaf 
to  root,  as  the  seasons  change.  Huxley  would  confound  the  two  great 
kingdoms  of  nature,  because  there  is  a  very  limited  agreement  in  the 
appearances  and  behavior  of  the  fluid  supply  of  both.  Contrasting  plants 
with  the  lowest  animals,  ho  says,  ^4t  may  well  be  asked,  how  is  one  mass 
of  non-nucleated  protoplasm  to  be  distinguished  from  another?  Why 
«call  one  'plant,'  and  the  other  *  animal '  ?"  The  answer  natui-ally  would 
be  because  they  are  of  different  natures,  showing  that  their  protoplasm 
should  be  different  in  elements,  and  because  the  animal  has  sensation,  the 
plant  none  ;  and  usually  other  obvious  distinctions.  To  call  the  supply 
of  vitalized  food  by  the  same  name,  without  proof  that  its  elements  are 
the  same,  seems  to  be  a  summary  way  of  breaking  down  distinctions 
between  the  different  kingdoms  of  beings  and  things  of  life. 

Continuing  our  attention  to  vegetable  life,  let  us  judge  the  tree  by  the 
fruit.  Can  anybody  imagine  the  resin  of  the  evergreen  to  be  identical 
with  the  sap  of  deciduous  trees?  The  inflammable  turpentine  to  be  the  same 
as  the  watery  sap  that  would  extinguish  fire  ?  Can  the  oak  and  hemlock, 
whose  bark  contains  tannin,  have  the  same  base  as  the  sap  of  the  sugar 
maple  and  sugar  cane  ?  Can  the  tea  and  coffee  trees,  producing  theine, 
come  from  the  same  elements  as  the  palm  and  olive  trees  ?  The  gums  of 
commerce,  the  varnishes,  the  resins ;  the  spices,  cloves,  nutmegs ;  the 
vegetable  coloring  matters ;  tobacco,  opium,  hashhish  ;  and  cinchonia  and 
all  vegetable  drugs ;  it  is  impossible  to  believe  that  all  these,  and  plants 
that  produce  deadly  poisons,  had  thesame  base  with  our  farinaceous  food, 
and  edible  fruits.  Theory  that  attempts  to  destroy  these  distinctions  by 
a  few  observations  so  narrowly  based  as  that  in  question,  must  meet  with 
-  deserved  incredulity,  by  mankind.  The  canon  of  legitimate  induction  is 
violated.    A  similtude  of  molecules  presented  to  the  vision  by  the  micro- 
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scope,  that  tells  nothing  of  their  inherent  properties  or  proportions,  can- 
not determine  the  base  of  plants  to  be  the  same,  when  their  qualities  as 
medicines,  coloring  material,  or  nourishing  food,  or  poisons,  are  infinitely 
Taried  and  the  opposite  of  each  other. 

This  physical  basis  of  life  that  is  thus  extended  so  broadly,  Huxley,  in 
a  measure,  defines,  by  saying,  "that  as  all  protoplasm  is  proteinaceous, 

•  or,  as  the  white,  or  albumen  of  an  egg  is  one  of  the  commonest  examples 
of  a  nearly  pure  proteine  matter,  we  may  say  that  all  living  matter  is 
viore  or  ^e««  albuminoid."  Well,  that  may  be,  if  sufficient  latitude  be 
allowed  to  the  words  "more  or  less,"  and  yet  all  be  as  different  as  the 
"things  above  enumerated,  with  many  other  things  of  contrary  elements 

•  constituting  tneir  "  living  matter,"  for  all  that  is  not  albumen  must  then 
l3e  something  else,  and  be  part  of  the  living  matter  that  came  with  the 
albumen,  or  protoplasm,  into  the  composition  of  the  hying  being  or  thing. 
And  this  lets  the  theory  fall  to  the  ground.  A  partial  simiUtude  will  not 
necessarily  constitute  identity.  The  theoi-y  demands  too  much  when  it 
requires  identity  of  elements  of  growth  in  plants  and  animals  of  what- 
soever kind. 

The  plant  unsentient,  without  mind  or  will  of  its  own,  is  said,  by 
naturalists,  to  affect  its  habitat,  that  is,  to  choose  where  it  likes  to  grow. 
This  but  means  that  it  flourishes  where  circumstances  most  favor  its 
growth,  and  does  not  elsewhere.  In  its  life  inhere  wonderful  mysteries 
that  we  can  only  refer  to  something  above  it,  as  we  have  for  the  life  and 
instinct  of  animate  beings.  Its  seeds  are  boundlessly  strewn;  but  which 
shall  grow  and  flourish,  will  depend  upon  their  relative  power  and  mastery 
over  competing  plants.  This  contest  and  its  results  we  readily  understand. 
But  how  the  fibres  of  the  roots  have  their  gift  to  select  from  the  soil  only 
those  particles  of  nourishment  which  suits  the  plant's  growth  ;  how  the 
plant  can  convert  silt  into  flowers ;  how  it  can  send  the  vital  current,  against 
the  law  of  gravitation,  to  the  topmost  branches  of  the  oak  and  pine,  sur- 
passes our  comprehension.  "We  say,  in  part  explanation  of  the  latter, 
that  the  resin  and  sap  pass  upwards  by  capillary  attraction,  as  we  see 
water  rise  a  limited  distance  in  very  small  tubes,  or  through  a  sponge,  or 
among  the  hairs  of  our  shaving  brush.  This,  in  part,  may  suffice,  but 
there  must  be  help  from  vital  action,  as  certainly  there  seems  to  be  where 
life  is  employed  in  the  fresh  growth  of  annual  plants,  and  the  new 
branches  of  trees.  The  vital  force  must  do  the  work,  as  when  that  is 
•quiescent  nothing  is  done.  As  in  all  animate  nature  we  can  only  continue 
to  look  upon  all  vegetable  life  as  a  continuing,  insoluble  mystery  ;  but  of  the 
highest  beneficence.  Trees  and  plants,  ever  true  to  the  life  and  duty  assigned 
them,  will  furnish  to  man,  beast,  fish,  reptile,  bird  and  insect,  the  food, 
they  require  ;  and  to  man  the  medicines,  gums,  dye-stuffs,  and  spices  he 
^ants  ;  and  also  the  blossoms,  flowers,  and  scenery  he  loves  and  enjoys 
with  an  ever-refining  enjoyment.  In  truth,  directly  or  indirectly,  all  the 
animate  life  on  land,  or  in  air  or  sea,  is  supported  by  the  seemingly  self- 
-sustaining life  of  the  vegetable  kingdom.  The  latter  is  created  that  the 
Jormer  may  live  ;  and  all,  that  human  souls  may  crown  the  creation.  Yet 
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all  vegetable  life,  as  all  animal,  now  existing,  judging  by  all  we  see  or 
know,  are  the  continuous  threads  of  the  first  created  life  of  their  respec- 
tive species,  kept  forever  unbroken  and  unentangled. 

And  as  every  species  in  vegetation  selects  and  assimilates  different 
elements  from  the  soil  or  air,  and  for  different  parts  of  itself,  as  wood,, 
bark,  leaf  and  flower,  so  does  every  different  species  of  animal  select 
those  essential  to  its  own  well  being,  and  to  complete  the  creature  that 
the  life  is  busy  in  constructing,  and  it  does  constmct,  but  that  the  parent 
was.  These  ends  demand  differing  elements ;  and  however  seemingly 
alike  their  protoplasm  and  blood,  those  and  whatever  else  is  tributary  to 
the  varied  growth  and  differing  developments,  must  be  equally  different. 
It  is  vain  for  science  to  say  to  the  common  sense  of  mankind  that  the  cells 
that  compose  the  bone  and  cartilages,  tendon  and  muscle,  the  tissue,  skin* 
hair,  all  opaque,  and  transparent  eye,  are  identical  in  material,  more  than 
in  shape  or  function,  or  fruit.  The  sight,  the  tests  of  chemistry,  com- 
mercial scrutiny  and  scientific  classification,  alike  contradict  tlie  theory, 
and  tell  us  it  cannot  be  true  that  the  protoplasm  or  blood  of  animal  and 
vegetable,  and  every  kind  of  each,  can  be  the  same.  The  young  of  the 
mammalia  drink  milk  drawn  from  the  mother  :  and  the  milk  of  the  dif- 
ferent kinds  may  look  much  alike,  yet  not  be  identical,  and  not  alike  be 
suitable  to  nourish  the  young  of  all.  "VYe  may  take  leave  to  regard  it  as 
a  myth  that  Romulus  was  suckled  by  a  wolf;  but  will  implicitly  believe 
that  neither  "do  men  gather  grapes  of  thorns,  or  figs  of  thistles.*' 

It  is  of  necessity  that  all  animals  and  vegetables  that  have  a  vital  cu'cu- 
lation  must  take  their  food  into  their  circulations  in  fluid  form,  that  it 
may  thereby  traverse  the  body,  and  in  suflScient  minuteness  s ripply  its 
wants  of  growth  and  repair  where  needed.  The  stomach  of  tlie  animal 
elaborates  the  solid  into  fluid ;  the  roots  of  the  vegetable  take  up  the 
material  it  wants,  assisted  by  the  rains  and  water  that  gives  the  required 
transporting  fluidity.  But  that  each  process  sends  into  the  circulation 
the  same  elements  for  animal  and  tree,  there  is  not  furnislied  the  begin- 
ning of  any  proof,  while  the  different  natures  of  the  growth  indicate  veiy 
surely  that  their  wants  are  not  the  same,  that  their  supplies  are  diflerent, 
as  their  products  are  infinitely  diverse.  It  must,  therefore,  be  mislead- 
ing to  maintain  the  theory  *'that  all  living  powers  are  cognate,  and  that 
all  living  forms  are  fundamentally  of  one  character.''  There  is  yet  a 
vegetable  kingdom  and  an  animal  kingdom,  and  those  infinitely  diversi- 
fied,    "  There  is  one  flesh  of  man,  and  another  of  beasts." 

Seems  it  tedious  and  unnecessary  thus  to  liave  traveled  over  the  grounds 
of  this  theory  in  so  much  detail?  The  conclusion  to  "which  it  is  earned 
shows  how  imi>ortant  it  is  to  have  carefully  considered  every  foundation- 
stone  of  the  superstructure.  It  concerns  man  the  most  deeply  of  all  ques- 
tions to  know  what  he  is  and  what  he  is  to  be.  That  such  question  is 
involved,  is  shown  by  the  conclusion  at  which  the  theorist  has  arrived.  lu 
liis  own  estimation  he  has  proved  the'  protoplasm  of  the  vegetable  and 
animal,  animal  including  man,  to  be  the  same.     Thus  Professor  Huxley 
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-says  :  "  As  I  have  endeavored  to  prove  to  you,  their  protoplasm  is  essen- 
tially identical  with,  and  most  rapidly  converted  into,  that  of  any  animal, 
1  can  discover  no  logical  halting  place  between  the  admission  that  such 
is  the  case,  and  tlie  further  concession  that  all  vital  action  may,  with 
equal  propriety,  be  said  to  be  the  result  of  the  molecular  forces  of  the 
protoplasm  which  displays  it :  And  if  so,  it  must  be  true,  in  the  same 
sense,  and  to  the  same  extent,  tJiat  the  thoughts  to  which  I  am  now  giving 
"Utterance,  and  your  thoughts  regarding  them,  are  tJie  expression  of  molecular 
changes  in  that  matter  of  life  which  is  tlie  source  of  our  other  vital  phenom- 
ena.^ ^  Is  there  anything  of  uncertain  sound  in  this?  He  expects  from 
it  the  outcry  of  "gross  and  brutal  materialism  .  and  then  confesses  that 
"**  most  undoubtedly  the  terms  of  the  proposition  are  distinctly  materialistic.^^ 
What  more  he  next  says,  I  will  show  hereafter. 

Thus  the  logical  climax  of  the  theory,  the  capstone  of  the  edifice,  ap- 
pears to  be  that  the  thoughts  and  mind  of  man,  being  derived  from  the 
same  protoplasmic  source  as  the  lower  animals  and  the  plant,  and  the 
physical  organization  being  thence  built  up,  it  is  consequently  to  follow, 
that  when  the  life  of  this  body  shall  be  dead,  there  will  be  no  mind,  no 
soul,  to  survive  ;  that  it  can  only  with  truth  then  be  said,  "the  bubble  of 
life  has  burst !"  Such  would  be  the  natural  conclusion  of  mankind  from 
such  premises.  And  if  such  be  the  import  of  human  life,  what  then  is  the 
worth  of  creation  !  Must  the  dignity  of  man,  and  the  glory  of  the  universe, 
and  the  exalting  faith  of  the  immortality  of  the  soul  be  thus  cast  down, 
and  shorn  of  their  grandeur,  and  of  their  logical  significance,  because  the 
works  of  the  Almighty  show  some  faint  resemblances  in  the  early  pro- 
cesses of  life  ?  That  because  He  makes  matter  subservient  to  life,  and  life 
to  the  mind  or  soul,  that,  therefore,  all  must  be  matter,  and  all  but  matter  ? 
If  such  be  the  logic  of  creation,  as  only  now  found  out  by  very  limited 
applications  of  the  microscope,  it  would  seem  to  be  wise  in  us  to  wait  a 
thousandfold  further  applicatious  of  that  instrument  to  tlie  invisible 
elements  of  life  ;  and  not  the  while  refuse  to  use  our  eyes  and  the  telescope 
as  to  what  they  can  see,  and  also  to  use  our  understanding  and  its  logic 
as  to  what  they  can  clearly  know,  before  we  surrender  our  faith  in  all 
that  humanity,  in  its  best  conditions  through  the  centuries  of  time,  has 
taken  to  be  the  import  of  our  being  and  the  meaning  of  the  upiverse. 

Happily,  however,  for  our  relief,  so  far  as  his  authority  will  avail.  Dr. 
Huxley  makes  the  admission  that,  while  he  is  logically  carried  to  a  ma- 
terialistic conclusion  by  his  philosophy,  he  is,  in  truth,  no  materialist,  and 
that  materialization  would  "paralyze  the  energies  and  destroy  the  beauty 
of  life."  He  has  perceived  within  himself  a  nobler  sense  of  the  import  of 
his  being,  that  ari'ests  his  individual  conclusion,  and  deflects  his  logic,  so 
confidently  asserted,  into  an  opposite  direction.  That  is  well,  and  some 
comfort  ;  but  may  we  take  his  mere  opinion  as  adequate  counterpoise  to 
a  theory  he  has  advocated  with  elaborate  detail  and  apparent  earnestness 
of  conyiction  ?  Those  who  love  skepticism  will  continue  to  abide  by  hia 
iiheory,  which  he  has  not  himself  controverted. 
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In  one  half  paragrapli  he  confesses  to  a  contradiction — ^to  two  opposite- 
conclusions  :  that  the  theory  he  has  announced  as  logically  tme,  he  him- 
self does  not  believe  1  Thus  he  says :  "And,  most  undoubtedly,  the 
terms  of  the  propositions  are  distinctly  materialistic.  Nevertheless,  two 
things  are  certain  :  the  one,  that  I  hold  the  statements  to  be  substantially 
true ;  the  other,  that  I,  individually,  am  no  materialist,  but,  on  the  con- 
trary, believe  materialism  to  involve  grave  philosophical  error."  Dr^ 
Huxley  has  not  said  this  to  accommodate  himself  to  the  orthodox: 
opinion  of  men.  He  who  takes  occasion  frequently  to  encounter  and 
brave  tliat  opinion  cannot  thus  have  insincerely  conformed  to  it.  He  is 
obviously  too  candid  and  too  brave  for  that.  He  seems  in  all  his  conduct 
to  follow  what  he  takes  to  be  the  truth,  fearless  of  consequences.  But 
what,  then,  must  be  our  judgment  of  him  ?  Can  it  be  other  than  this  : 
that  he  is  possessed  of  a  truer  logic,  based  upon  vastly  more  facts  than 
the  few  embraced  in  his  protoplastic  theory  ;  and  that  his  individual  be- 
lief, for  which  he  has  not  given  us  the  grounds,  contains  the  actual  truth;; 
and  that,  consequently,  we  have  Huxley's  authority  to  condemn  em- 
phatically Huxley's  theory,  built  upon  "the  Physical  Basis  of  Life."  But 
who  will  answer  for  his  insincerity  to  the  truth  of  science  ?  For  the  con- 
sequences of  the  infidelity  he  has  preached  in  his  sermon?  He  proposes- 
to  conduct  his  hearers  out  of  the  slough,  into  which  he  confesses  he  had 
plunged  them,  and  meant  to  plunge  them  ;  but  we  read  on  to  the  end  of 
the  discourse  in  the  vain  expectation  of  finding  the  stepping-stones  that 
would  conduct  us  out  of  the  slough  to  the  firm  land.  Does  he  not  in  this, 
trifle  with  his  own  and  the  miderstandings  of  men  ?  His  philosophical 
speculation  is  one  thing  ;  his  individual  opinion  is  another.  He  describes- 
no  mitigated  materialism  that  represents  his  own  conviction.  That  which 
he  has  explained  makes  liis  uttered  thoughts  but  matter ;  for  these,  he 
says,  "are  the  molecular  changes  of  that  matter  of  life  which  is  the 
source  of  our  other  vital  phenomena."  And  this  is  his  hopeful  and  con^ 
fident  assertion  :  "And  as  surely  as  every  future  grows  out  of  past  and 
present,  so  will  the  physiology  of  the  future  extend  the  realm  of  matter 
and  law,  until  it  is  co-extensive  with  knowledge,  with  feeling,  and  with 
action."  Thus  the  science  of  the  physical  basis  of  life  is  to  absorb  the 
mental  arti  emotional,  and  make  all  one,  all  physical ; — all  to  have  but  a 
physical  basis  and  a  physical  consummation.  And  yet,  again,  he  con- 
fesses to  two  hopeful  beliefs,  but  flagrantly  at  variance  with  his  preten- 
sion for  physiology  :  "The  first,  that  the  order  of  nature  is  ascertainable 
by  our  faculties  to  an  extent  which  is  practically  unlimited ;  the  second, 
that  our  voUtion  counts  for  something  as  a  condition  of  the  course  of 
events."  Yet  neither  of  these  could,  logically,  be  a  true  belief,  if  man 
be  but  the  product  of  matter  and  law,  and  these  be  taken  as  sole  sources 
of  his  knowledge,  feeling,  and  action ;  for  all  would  yet  be  fatalism  as. 
well  as  paralyzing  materialism.  Indeed,  there  could  be  no  thought,  if  all 
were  matter.  Mere  changes  of  molecular  matter  could  not  be  means  to 
expand  our  knowledge,  or  rule  the  course  of  human  events.  What  would 
it  be  to  the  world  and  its  events,  that  the  material  of  my  brain  had  un- 
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dergone  molecular  change  ?  Thoughts  are  not  material  growths ;  are  not 
buds  or  sprouts ;  are  not  protuberances  or  indentations,  or  engraved 
lines ;  or  secretions  or  excretions  of  matter,  or  the  shifting  of  any  mo-^ 
lecular  living  particles,  by  any  testimony  ever  presented  to  the  human> 
mind.  Men  cannot  conceive  that  matter  can  be  thought,  or  thought 
matter ;  and  all  its  phenomena  declare  it  unlike  all  else  in  created  nature,, 
and  without  element  of  matter.  The  mind  of  man  has,  indeed,  a  like- 
ness unto  God. 

Dr.  Huxley  says,  "the  fundamental  doctrines  of  materialism,  like 
those  of  spiritualism,  and  most  other  *isms,'  lie  outside  the  limits  of 
philosophical  inquiry  ;"  says,  "it  is  also  in  strictness  true,  that  we  know 
nothing  about  the  composition  of  any  body  whatever  as  it  is.'*  But  is 
not  all  knowledge  within  the  limits  of  philosophical  inquiry?  And, 
though  we  cannot  know  how  matter,  or  life,  or  mind  can  be,  or  what  in 
essence  they  are,  yet  we  certainly  can  and  do  know  much  of  the  prop- 
erties and  actions  of  each  and  all  of  them,  and  of  their  differences  from 
each  other.  We  must  not  become  so  far  positivists  as  to  refuse  to  know 
all  that  is  knowable  ;  and  especially  may  we  not  ignore  the  human  mind. 
It  is  our  duty  to  search  after  all  attainable  truths,  and  when  we  have 
come  to  the  limit  of  our  faculties,  there  reverently  to  pause,  in  the  pres- 
ence of  an  infinity  of  knowledge  known  only  to  God.  To  seek  knowledge 
only  of  things  physical,  and  things  of  life,  and  there  to  set  the  limit  of 
inquiry,  seems  but  the  prudery  of  scientific  caution,  that  can  win  no 
credit  for  wisdom,  nor  increase  our  trust  in  the  authority  of  tl^e  teacher.. 

-In  this  discourse  we  have  assumed  that,  in  its  origin,  life  had  a  Creator, 
upon  the  logic  that  such  effect  must  have  an  adequate  and  a  far-trans- 
cending cause.  As  matter  and  life  logically  demanded  a  Creator  of  each, 
and  neither  produced  the  other,  so  does  the  mind  or  soul,  by  even  higher 
claim,  logically  demand  a  Heavenly  Father.  Its  nature  is  too  dis- 
tinguishable and  transcending  to  be  confounded  with  matter  or  life.  Life 
dominates  matter,  mind  dominates  them  both,  and  God  them  all.  The 
soul  asserts  a  higher  than  a  generated  parentage,  and  a  large  immunity 
from  the  mutations  of  matter.  Matter  ever  slides  from  under  mind,  but 
its  integrity  is  untouched.  The  matter  that  has  sustained  the  life  of  one 
as  old  as  the  writer,  has  wholly  passed  away  from  his  body  more  than 
ten  times  ;  and  the  more  rapidly  changiiig  parts  have  been  eliminated  with 
vastly  greater  frequency.  Yet  the  mind  in  this  body  has  a  memory  or 
conscious  identity  from  the  year  next  before  the  first  of  the  current  cen- 
tury. Such  imperishable  mind  can  have  no  element  of  ever-shifting  mat- 
ter in  it ;  and  must  be  a  being  of  different  origin  and  nature,  both  from 
the  material  of  this  body  and  the  life  of  this  body.  That  material  is 
ever  changing,  and  is  often  renewed,  until  the  body's  death  }  and  when 
the  life  that  maintained  the  organization  shall  have  succumbed,  and  have 
ceased  to  exist,  except  as  it  has  been  continued  in  a  living  progeny,  we 
justly  infer  that  the  mind,  or  soul  will  outlive  the  organization  and  the 
life,  and  will  return  to  its  Giver,  to  share  His  pleasure^  or  meet  His- 
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'  condemnation,  as  deserving.  Tliis  is  inferred  from  what  we  know  of  the 
nature  of  ]^ind,  and  the  induction  that  creation  must  have  an  adequate 

•  significance.  The  great  truths  of  Scripture  are  inductively  i*eattes'ted  by 
the  truths  of  philosophy. 

Thus,  then,  stands  the  phenomenon  of  our  being.  The  matter  that 
-enters  the  body  may  be,  in  itself,  for  all  we  know,  imperishable,  but  is  cer- 
tainly transient  in  each  living  body ;  remains  there  until  effete,  and  is 
then  dismissed  by  the  vital  process ;  or  at  death  passes  into  vapor  and 

.  ashes,  and  enters  the  further  rounds  of  chemical  change  and  vegetable 
and  animal  growths.  The  organized  being  of  one  generation  of  the  life 
of  an  unbroken  continuity  from  the  first  parents  has  come  to  an  end, 
except  as  continued  by  offspring ;  but  the  individual,  ungenerated,  im- 
material mind,  that  was  neither  the  matter  nor  life  of  the  body,  lives  on 
forever. 

We  have  seen  the  life  assert  a  dominating  power  over  all  the  material 
that  has  built  up  the  organized  body.  This  life  process  is  essentially  one 
independent  of  the  mental  will.  During  gestation  this  is  plainly  so ; 
and  is  so  through  life,  except  as  the  mind  has  power  to  refuse  to  conform 
to  the  laws  of  health,  and  may  mar  life's  healthful  functions  and  dui-a- 
tion,  even  to  the  perpetration  of  suicide.  The  circulation,  digestion, 
assimilation,  and  eliminations  go  on  ii;  health  almost  without  our  con- 
sciousness ;  but  we  are  compelled  at  intervals,  by  hunger  and  thirst,  to 
keep  up  the  needed  supply  of  food  and  drink.  The  brain  and  nervous 
system  are  also  thus  nourished,  as  the  rest  of  the  body, — though  it  is  the 
system  especially  subjected  to  the  instant  dominion  of  the  mind  or  will. 
The  material  brain  and  nerves  are  not  the  mind,  nor  do  they  produce  it, 
but  are  servants  of  the  mind.  Mind  is  other  than  the  brain  and  nerves, 
and  is  other  than  the  life  ;  and  it  alone  can  rule,  and  muist  give  account 
of  itself, — the  body,  and  the  life.  The  vegetable  carrier  on  all  its  given 
life-processes,  without  sensation  and  without  mind;  The  animal  below 
man  does  the  same,  except  as  it  has  a  limited  mental  development  that 
we  call  instinct  J  has  also,  limitedly,  brain  and  nerves,  and  senses  ;  all  of 
wonderful  fitness  for  its  preservation,  which  we  may  not  now  pause  to 
consider.  The  life  of  plant  or  animal  will  grow  to  its  assigned  limit ;  will 
cure  its  own  wounds,  and  reproduce  its  kind  ;  but  is  other  than  the 
instinct  of  the  animal,  yet  more  remote  from  the  mind  of  man  :  it  alone, 
of  all  beings,  has  moral  responsibility. 

Among  the  hundred  or  thousand  wonders  of  the  life,  whose  casua 
explanation  can  be  in  Deity  alone,  and  over  which  mind  had  no  formative 
power,  is  the  fact  that  every  kind  of  nerve  has  been  fitted  for  its  special 
duty,  and  can  perform  no  other.  There  is,  in  this,  admirable  design  to 
prevent  confusion.  The  nerve  of  sense  can  give  sensation  to,  but  can 
impart  no  mandate  from  the  mind.  The  nerves  that  execute  command 
will  give  back  no  sensation.  One  of  each  is  attached  to  each  serving 
muscle,  but  neither  can  do  the  appointed  work  of  the  other.  The  nei-ves 
-of  sight,  hearing,  taste,  and  smell,  can  neither  of  them  perform  the  func- 
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tion  of  any  other.  The  brain,  the  commonly  supposed  seat  of  all  feeling, 
has  in  itself  no  feeling.  Sir  Charles  Bell  says  :  "  The  brain  is  as  insensi- 
ble as  the  leather  of  our  shoe  ;  that  the  brain  may  be  touched,  or  a  por- 
tion of  it  cut  ofi*,  without  interrupting  the  patient  in  the  sentence  he  is 
uttering."  The  brain  and  the  sensitively  perceiving  mind  must,  therefore, 
be  different.  The  one  is  cut  away  ;  the  other  suffers  thereby  no  interrup- 
tion of  thought  or  its  expression.  One  feels  ;  the  other  does  not.  One 
commands  ;  the  other  obeys.  The  muscle  is  moved  by  the  will  and  exerts 
great  power,  but  through  a  brain  and  a  nerve  without  muscle,  or  physi- 
cal power,  so  far  as  is  seen.  Apparently  an  immaterial  mind  says  to 
every  muscle,  do  this ;  and  it  doetli  it,  but  by  the  word  of  command. 
Truly,  the  body,  life  and  mind,  each,  is  very  wonderful,  and  most  won- 
derful is  their  combination  ;  a  combination  of  dissimilar  things,  made  to 
act  in  antagonism,  and  yet  bound  to  act  in  harmony,  for  the  welfare  of 
all.  Awake,  the  mind  is  to  regulate  all  for  the  common  good,  yet  may 
not,  without  injury,  much  interfere  with  the  life-process  of  the  bodily 
organization.  Asleep,  the  physical  reacts,  taking  a  limited  advantage  of 
the  unwatchful  mind  that  has  let  drop  the  rein  of  discipline.  The  mind, 
in  the  semi-consciousness  of  dreams,  ranges  through  bright  scenes  and 
beautiful  images,  if  all  be  well  with  mind  and  body  ;  but  if  either  be  un- 
happy or  disordered,  a  dark  change  comes  over  the  happy  dream,  and 
then  threatened  dangers  and  startling  incidents  awake  the  mind  to  resume 
its  discipline;  happy  then  to  find  its  troublous  adventures  "but  a  dream." 
Yet,  in  the  sleeping  and  waking  experience,  the  mind  and  body  have 
dieted  and  reacted,  both  as  united,  and  often  as  opposing  po\^ers. 

The  materialist  sometimes  ventures  even  to  liken  life  to  a  process  of 
crystallization  or  chemistry,  or  mechanism,  and  mind  as  well.  Crystal- 
lization follows  one  law,  and,  the  world  over,  does  one  thing,  and  forms  its 
crystals  and  gems  of  each  kind  on  the  same  angle  ;  her  ultimate  particles 
of  the  same  kind  being  of  the  same  shape,  and  obeying  one  law  of  attrac- 
tion. The  chemical  affinities  act  under  laws  as  certain,  and  under  the 
same  circumstances  act  always  in  the  same  way.  Living  things  are  more 
•complicate  ;  and  the  process  of  growth  is  carried  on  by  an  apparent  choice 
as  to  the  selection  of  material  and  in  the  deposit  of  different  particles,  for 
the  growth  of  the  several  parts,  differently  from  crystallization  and  chem- 
istry. Life  is  not  molecular,  or  magnetic,  or  chemical  attraction  ;  but  is 
jsi  vital  process  that  employs  various  materials ;  utilizes  them,  and  dis- 
poses of  them  differently  to  perfect  the  common  economy.  It  employs,  it 
is  true,  chemical  processes  in  breathing,  etc. ;  and  in  the  heart,  eye  and  ear, 
and  in  the  action  of  the  muscles,  mechanical  structures  and  powers ;  but 
all  is  moved  by  and  independent  upon  the  life  that  has  made  from  matter 
living  molecules,  and  with  them  constructed  the  creature.  But  all  this, 
though  subservient  to,  gives  no  explanation  of,  the  mind  ;  shows  no  kin- 
dred to  it ;  gives  no  infonnation  why  we  have  consciousness,  how  we  can 
feel  and  think.  No  proof  is  offered,  nor  can,  it  is  believed,  be  adduced, 
to  show  that  the  mental  action  consists  in  but  physical  changes.     The 
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braiu,  as  the  arm,  may  show  weariness  when  ovei-tasked  by  the  niiud^ 
may  sufter  waste  of  material,  of  phosplioms,  if  you  please;  but  that  will 
not  prove  mind  to  be  brain,  or  brain  mind. 

The  all-ti-anseending  importance  of  this  subject  demands  our  yet  further 
patient  consideration.  On  the  discrimination  of  the  mind  of  man  from 
the  body  and  from  the  life,  depends  our  truthful  apprehension  of  the 
great  problem  of  what  we  are,  and  what  we  are  intended  to  be, — the  most 
important  con  side  mtion  that  can  occupy  the  human  mind.  .  Can  we,  as 
i-ational  beings,  live  over  threescore  years  and  ten,  or  more,  and  not  de- 
vote much  of  our  time  to  reflect  upon  this  subject,  the  highest  of  philoso- 
phical studies  ?  This  is  not  an  *'  ism"  lying  outside  philosophical  inquiiy. 
No  religion  can  bej^in  her  task,  no  philosophy  can  consummate  her  study, 
that  has  not  persistently  dwelt  upon  it  and  made  it  the  theme  of  habitual 
thought.  It  is  the  necessary  climax  of  all  the  study  that  can  give  us  the 
solution  of  the  proljlem  of  the  universe.  In  this  age  of  matenalistic  skep- 
ticism, that  respects  no  time-honored  opinions,  or  sacred  traditions,  we 
must  begin  where  the  jjliysicists  begin,  but  may  not  stop  where  they  are 
wont  to  stop  ;  may  not  refuse  to  know  the  ultimate  significance  of  all 
created  things  and  beings,  body  and  soul,  as  they  are  constantly  presented 
before  our  senses,  and  demand  interpretation  from  our  reasoning  intellect. 
We  may  not  fail  to  examine  and  consider  all  the  true  facts  that  the  natu- 
ralist and  physicist  make  the  basis  of  their  theories,  nor  all  other  facts 
that  must  be  taken  into  view,  for  a  true  solution  of  the  problem.  No  a 
priori  assumptions  maybe  admitted  as  bases  of  induction;  and  it  must  not 
l)e  allowed  the  skeptic  to  say,  as  he  is  sure  to  do,  that  he  only  builds  truly 
upon  certain  facts  ;  that  his  faith  alone  stands  in  inductive  truth  ;  that 
religious  faith  will  not  bear  the  test  of  induction  from  ascrtained  facts^ 
And  we  must  not  pennit  him  to  make  his  inductions  from  less  than  half 
the  facts  that  define  our  being,  and  these  the  less  important. 

The  mind's  thoughts  are  not  propagated  as  things  of  physical  growth. 
We  but  borrow,  in  relation  to  the  mind,  the  language  of  the  garden,  and 
use  it  figuratively,  when  we  speak  of  sowing  mental  seeds,  or  propagating 
ideas.  The  thoughts  I  am  speaking,  I  do  not  lose  ;  and  your  gain,  if  any, 
is  not  a  material  acquisition;  nor,  so  far  as  you  or  I  can  ever  know,  has 
tlie  ett'ect  been  produced  by  molecular  changes  in  our  brains ;  and  if 
such  changes  do  take  place,  they  are  a  life  process  of  the  brain,  and  can- 
not, conceivably  to  us,  be  the  thoughts  that  enter  into  and  exercise  your 
minds  ;  thoughts  that,  as  believed  worthy,  or  as  your  minds  may  make 
them  worthy,  may  become  permanently  your  thoughts,  after  the  mo- 
lecular particles  moved,  if  any  such,  will  have  long  passed  away.  The 
mind  may,  indeed,  for  aught  we  know,  and  we  may  so  conjectui-e  it  prob- 
able, put  the  brain  in  motion,  as  we  know  it  will  thrill  the  nerves,  and 
can  hurry  the  blood  ;  as  the  wind  can  heave  the  water  into  waves,  but  the 
cause  and  the  effect  are  different,  and  continue  ever  after  as  distinct  as 
before. 

Physiology  teaches  us  that  tlie  mind  is  seated  in  the  brain  ;  for  with  the 
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brain  is  connected  every  nerve  that  gives  to  the  mind  the  sensations  re- 
ceived by  it ;  and  with  the  bmin  is  connected  every  nerve  that  executes 
the  will  of  the  mind  upon  every  muscle  of  the  body  movable  by  the  will. 
A  ligature  round  the  nerves  of  sensation  will  prevent  the  mind  receiving 
sensations  by  them  from  a  point  beyond  the  ligature  ;  a  ligature  round  the 
nerves  that  obey  the  will,  will  paralyze  its  power  to  command  the  muscle 
to  which  the  nerve  is  attached.  The  perception  and  command  are  inter- 
cepted at  the  ligature  ;  and  beyond  mental  power  has  ceased.  The  mind, 
that  is  the  light  of  our  being,  sits  enthroned  in  a  chamber  of  life-long 
darkness,  cushioned  upon  medullary  matter ;  moved  by  no  muscle,  yet 
moving  every  motor  muscle  as  bid  to  obey  its  will.  The  eyes  are  called 
its  windows  ;  but  that  is  to  speak  figuratively,  for  no  ray  of  light  ever 
enters  there  ;  the  senses  are  called  its  portals,  through  which  we  learn  all 
we  know  of  things  without  us,  but  no  sense  ever  lets  into  the  mind  one 
particle  of  matter. 

We  have  seen  that  the  life  of  the  body  is  fed  by  material  food  taken 
into  the  stomach.  The  mind  is  not  so  fed,  nor  fed  by  any  material  food. 
The  mind,  or  a  mental  capacity,  exists  in  a  child  at  birth,  underived  from 
sensations,  for  it  must  pre-exist  to  receive  the  first  as  all  after  sensations. 
Though  we  may  not  know  how  it  can  exist ;  of  its  nature  and  operations 
we  can  observe  and  know  as  much  as  of  matter  and  life  ;  and  we  have  no 
more  right  to  refuse  to  know  all  that  we  can  understand  of  it  than  of 
them.  It  is  the  nobler  part  of  our  being,  and  that  which  is  most  charac- 
teristic and  most  prophetic  of  the  purpose  of  existence. 

The  immaterial  mind  is  fed  but  with  immaterial  food.  It  draws  this 
from  sensations  without  and  within ;  and  thus  learns  the  nature  and 
qualities  of  all  perceived  things.  It  digests  that  it  receives  ;  forms  con- 
ceptions or  ideas  by  its  inherent  power ;  has  capacity  of  comparing,  think- 
ing and  judging,  and  thus  is  also  self-fed  from  within  by  immaterial 
thoughts  as  no  life  is  fed.  Thus  we  may  observe  the  mind  to  be  developed; 
the  mind  that  can  frame  the  constitutions  and  laws  that  preserve  human 
society,  and  that  can  administer  them  ;  that  can  wield  the  physical  aims 
and  resources  of  the  nation ;  and  can  develop  the  truths  of  philosophy 
and  religion.  All  this  is  done  by  thought,  only  by  thought;  by  thought, 
indeed,  sometimes  inspired  ;  and  the  quieter  the  body  and  the  brain,  the 
more  surely  truthful  is  the  mental  judgment  and  the  might  of  its  power. 

Now  let  us  consider  some  of  the  sensations  that  the  mind  notices  as 
perceptions  and  conceptions,  and  stores  as  ideas,  to  be  used  in  thought 
and  judgment,  and  see  if  they  own  a  material  source.  The  eye  opens 
upon  aU  visible  things,  and  by  a  lens  the  picture  of  them  is  represented  on 
the  retina,  or  back  part  of  the  globe  of  the  eye ;  a  picture  the  reverse  of 
that  in  the  outside  world,  upside  down,  right  side  left.  The  retina  is  the 
expansion  of  the  optic  nerve  leading  to  the  brain,  that  gives  to  the  mind 
a  perception  and  conception  of  the  image  on  the  retina ;  not  that  the  im- 
age can  itself  be  taken  through  the  round  opaque  tubular  nerve  ;  not  that 
there  is  any  material  picture  on  the  retina,  any  more  than  the  reflection 
from  the  mirror  is  a  real  picture  on  its  surface  :  but  the  mind  has  capacity 
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to  reach  forward  and  take  perception  of  the  picture  truthfully,  but  takes 
it  restored  from  its  reversals  by  the  convex  lens  to  its  true  position,  as 
was  the  outside  reality ;  up-side  up,  and  right-side  right,  as  is  at  once 
verified  by  tlie  outreached  hand.  This  power  of  perception  is  something 
niore,  and  quite  different  from,  the  materially-fed  animal  or  tree.  Tliere 
is  no  protoplasm  here.  The  perceptions,  and  the  ideas  thus  derived 
through  all  the  several  senses,  are  alike  immaterial.  Through  the  eye, 
the  ear,  the  touch,  taste,  or  smell,  it  is  not  perceptible,  nor  conceivable, 
that  outside  matter  enters  into  the  brain,  yet  less  into  the  perceiving 
mind.  It  seems  more  reasonable  to  infer  that  the  mind,  which  by  its  will 
can  command  and  put  in  action  the  many  muscles  of  the  body,  through 
tlie  neiTCS  of  command  that  extend  from  the  brain  to  them,  can  also  reach 
through  the  distinct  system  of  the  nerves  of  sensation,  wheresoever  im- 
pinged upon,  and  take  note  of  all  sensation.  Thus  doing,  the  mind  is 
filled  with  perceptions,  conceptions,  ideas.  But  when  it  perceives,  thinks, 
compares  its  ideas,  recalls  its  memories  of  long  past  years,  forms  new 
judgments,  and  the  will  sends  forth  its  mandates,  we  ai-e  not  to  believe  it 
is  carrying  on  material  operations,  before  the  muscles  have  acted ;  that 
thoughts  are  the  bubblings  or  heavings  of  medullary  matter ;  or  as  elec- 
tricity they  are  elicited  by  material  friction ;  or  as  the  chemical  corrosions 
of  a  battery ;  or  are  any  other  material  production.  There  appears  no 
evidence  of  any  such  processes,  and  these  indicate  no  relationship  with 
mental  action.  The  memory  of  half  a  century  ago  cannot  be  a  recalling 
of  the  matter  of  the  brain  of  that  time  ;  the  perceptions  takeu  into  the 
mind  contained  no  material  element,  and  the  mind's  elaborations  of  im- 
material perception  cannot  be  elaborations  of  matter,  or  produce  mate- 
rial thoughts.  Thought  that  ranges  instantly  over  creation  cannot  be 
bound  by  the  limitations  of  matter.  Whatsoever  is  matter  must  have  the 
bounds  of  matter ;  matter  must  have  the  properties  of  matter.  Thoughts 
are  not  so  subject.  It  is  not  in  the  nature  of  matter  to  range  beyond 
itself ;  to  look  to  the  past  or  future,  or  in  imagination  to  survey  tlie  worW 
and  universe,  and  all  that  in  them  is.  It  is  not  in  the  nature  of  thought 
to  be  subjected  to  mechanical  or  chemical  tests.  If  thoughts  be  but 
matter,  they  must  be  eliminated  by  the  body's  ever  busy  absorbents  as 
waste  material,  and  there  could  be  no  memory  of  them ;  but  the  mind 
holds  not  her  rich  treasures  by  so  slight  a  tenure.  The  intellect  would 
then  sit  ui>on  a  throne  whose  base  would  be  incessantly  undermined ;  nay, 
be  rapidly  swept  away,  since  the  new  tissue  supplied  to  the  brain  by  the 
life-process  would  not  replace  the  lost  ideas.  Immaterial  thoughts,  the 
immortal  mind,  is  not  carried  off  as  waste  and  effete  matter ;  as  sewage 
through  the  sewers  of  the  body.  Newly-deposited  brain  tissue  from  the 
blood  would  not  restore  thought  that  has  vanished.  Memories  are  not  as 
characters  written  on  the  sand,  to  be  washed  out  by  ever  refluent  waves. 
The  memories  of  a  well-preserved  old  man,  whose  strength  has  not  failed, 
nor  his  eye  grown  dim,  make  him  a  being  compounded  of  the  characters  of 
three  generations ;  with  mind  informed  by  the  pressures  and  knowledge  of 
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them  all ;  with  gathered  experiences  and  forethought  that  make  him 
largely  prophetic  of  the  future.  So  the  poet's  vision  has  seen  and  de- 
scribed such  an  octogenarian  ;  or  knew  him,  and  sketched  him  from  life  : 

"  Age  had  not  tamed  his  eye  :  that,  under  brows 
Shaggy  and  grey,  had  meanings  which  it  brought 
From  years  of  youth ;  which,  like  a  Being  made 
Of  many  Beings,  he  had  wondrous  skill 
To  blend  with  knowledge  of  the  years  to  come : 
Human  ;  or  such  as  lie  beyond  the  grave." 

—  Wordsworth. 

As  the  visual  picture  entered  not  the  brain,  so  will  not  tlie  vibrations  of 
sounds  in  the  air.  The  speaker's  mind  is  filled  with  thoughts  which  he 
is  earnest  to  inculcate  upon  his  hearers,  and  vocally  he  gives  them  to  his 
thousand  listeners.  I  do  not  say  transfers  them,  for  he  has  not  parted 
with  one  idea,  though  they  have  got  all  he  has  spoken.  No  phosphorus, 
or  any  other  matter  has  left  his  to  go  into  their  minds.  His  voice  has  but 
made  vibrations  in  the  elastic  air,  which  othei*wise  has  been  unchanged. 
These  vibrations  have  spread  concentrically  from  their  centre,  with  their 
ten  thousand  distinctions  of  modulated  words.  These  sounds  have  reached 
the  ears  of  the  listeners,  and  their  perceptive  minds  have  reached  forward 
through  the  auditory  nerve,  whose  extension  by  delicate  fibres  floating  in 
the  water  of  the  vestibule  of  the  ear  have  been  stirred,  and  given  to  the 
mind  the  perception  of  every  variation  of  the  voice  of  the  speaker ;  of  its 
formed  words,  its  inflections,  cadences  ;  its  tones  of  earnest  pathos  audits 
joyous  or  sad  emotions  ;  and  all  its  varied  meanings.  But  no  vibration 
of  the  air  has  reached  the  interior  of  the  brain  ;  indeed,  no  material  idea 
had  traversed  the  air  to  reach  the  liearers.  Air-borne  wavelets  of  words, 
or  conventional  signs  of  ideas  expressed  only  by  distinctions  in  sounds, 
have  reached  the  easily  moved  hairy  fibres  of  the  auditory  nerve,  and  im- 
parted motion  to  them ;  but  there  the  material  motion  has  ended,  yet  the 
perceptive  mind  has  caught  the  many  distinctive  meanings.  But  no 
motion,  no  sound,  no  matter,  has  entered  the  brain  by  the  auditory  nerve  ; 
for  the  nerve  there  embedded  is  constricted  in  passing  through  a  narrow 
orifice  in  the  skull ;  is  not  itself  floated,  or  tensioned,  to  transmit  vibra- 
tory motion  ;  but  cut  off  from  the  air,  the  vibrations  of  which  have  been 
spent  upon  the  drum  of  the  ear  and  the  wonderful  apparatus,  and  water 
within  the  vestibule  ;  and  were  this  not  so  the  vibrations  of  the  air  are  not 
transmissions  of  matter  ;  but  when  the  voice  has  sounded,  the  air  and  the 
ear  are  again  as  if  no  voice  had  spoken.  The  mind  has  taken  the  per- 
ception of  the  distinctions  of  sound  from  the  fibrous  extension  of  the 
auditory  nerve.  Had  the  same  words,  or  conventional  representations  of 
thoughts,  been  written  or  printed,  and  then  been  read  by  others,  these 
would  have  received  their  characters  pictured  on  the  retina,  without  the 
chai*ms  of  vocal  expression,  and  alike  without  the  reception  of  any  ma- 
terial element  in  the  brain. 

It  is  obviously  the  same  as  to  the  sense  of  touch.  The  finger  will  give 
the  perception  of  the   shape,  density,   temperature,  etc.,  of  the   object 


Digitized  by 


Google 


Price.)  ^^^  [March  1, 

touched,  but  no  matter  or  thing  will  be  transmitted  into  the  brain.  The 
mind,  by  its  pei-ceptive  jiower  in  the  brain  and  nerve,  will  have  taken 
notice  of  the  proi>ertie8  of  the  object,  and  formed  an  idea  of  it.  By  no 
sense  has  the  brain  or  mind  l>een  materially  fed.  Here  we  should  recol- 
lect the  physical  condition  of  the  brain.  It  fills  the  chamber  of  the  skull ; 
is  always  dark,  is  always  silent.  Therein  is  the  source  of  all  the  intel- 
lectual light  in  the  world,  yet  not  one  real  spark,  or  beam  of  light  has 
there  ever  glowed.  No  ray  of  light  can  depict  a  picture  therein ;  no 
vibration  can  cany  a  sound  within  it ;  no  tasted  food,  or  touched  thing, 
nor  aroma  of  incense,  can  enter  there.  But  the  nerve  of  each  sense  has 
been  affected  by  an  outward  object,  and  the  perceptive  mind  has  reached 
to  notice  the  action  of  the  outward  thing  upon  the  nerve.  In  the  eye  it 
is  a  picture  thrown  by  the  light  on  the  retina  and  it  is  there  perceived ; 
in  the  ear  vibrations  have  stirred  the  floating  fibrous  extension  of  the 
auditory  nei-ve,  and  there  they  have  been  perceived  with  their  varied  dis- 
tinctions ;  and  by  the  other  nerves  of  smell,  toucli  and  taste,  the  per- 
ception has  been  at  the  point  of  contact.  The  mind^s  command  reaches 
by  the  motor  nerve  to  the  remotest  muscle  :  sensation  by  touch  may  reach 
as  far ;  and  there  appeal's  to  be  no  reason  why  the  mental  perception  has 
not  reached  to  the  point  whence  such  sensation  is  said  to  have  come. 
The  mind  wills  to  move  the  toe,  and  it  has  at  the  same  instant  the  per- 
ception that  it  has  moved.  Indeed,  each  nerve  of  sensation  has  its  local 
duty  to  infonn  the  mind  instantly  of  every  impingement  upon  the  surface 
over  which  its  fibres  are  spread.  This  it  can  only  do  by  the  mind's  taking 
notice  of  it,  so  that  sensation  implies  perception.  The  nerves  at  the  stump 
of  an  amputated  leg,  when  imtated  there  gives  the  perception  as  at  the 
foot  or  toe  to  which  the  nerve  when  unsevered  had  been  attached,  for  that 
had  been  its  established  duty  in  its  relation  with  the  mind ;  and  the  per- 
ceptive mind  yet  adlieres  to  its  original  consciousness,  and  still  takes  its 
perception  as  from  a  living  foot,  where  now  there  is  none.  The  percep- 
tion that  had  fonnerly  reached  the  extremity  of  a  perfect  nerve  comes  to 
consciousness  as  from  that  point,  though  the  nerve  has  been  touched  mid- 
way. And  when  the  optic  nerve  is  involved  by  disease,  its  illusive  visions 
produced  by  disease,  appear  as  they  would,  if  truly  pictured  on  the  retina ; 
and  so  if  the  auditory  nerve  be  so  involved,  the  illusive  sounds  appear  to 
enter  the  ear.  And  so,  too,  as  to  those  bright  visions  and  hymning  tones  by 
which  the  dying  are  often  preternaturally  visited,  showing  them,  in  ad- 
vance, celestial  scenes  and  companionships  such  as  they  are  about  to  enter, 
their  outward  senses  seem  to  them  still  to  have  served  them,  and  they 
wonder  that  their  surrounding  friends  have  not  seen  and  heard  all  that 
they  have  so  intensely  enjoyed  ;  but  no  outward  sense  had  seen  or  heard 
all  that  the  mind  had  directly  perceived.  The  appropriate  nerve  always 
ministers  to  the  mind  according  to  its  original  appointment,  and  responds 
as  the  faithful  sentinel,  only  from  the  assigned  post  of  duty,  and  there  it  is 
that  report  is  made  to  perception.  Sensation  and  perception  appear  to 
be  synonymous  and  simultaneous,  and  at  the  same  point ;  but  the  cencep- 
tion  of  ideas,  and  the  mental  processes  of  thinking,  comparing,  imagin- 


Digitized  by 


Google 


1872-]  ^""  [Price. 

iiig,  judging  and  willing,  are  carried  on  in  the  superior  brain,  by  which 
man  is  distinguished  above  all  other  creatures.  Physiologists  speak  of 
the  sensorium  or  central  ganglia,  below  the  cerebrum,  as  the  common 
centre  of  sensation ;  but  our  own  consciousnes  when  thinking,  and  our 
penal  headaches  for  over-much  thinking,  plainly  say  to  us  that  the  crown- 
ing and  frontal  hemispheres  of  the  brain  are  the  seat  of  thought  and 
mind.     It  is  the  mind  in  that  little  space  that  rules  the  world. 

The  reflective  anatomist  as  well  as  others,  is  struck  with  wonder  when 
contemplating  the  human  brain  as  the  seat  of  thought  and  sovereign  will  ; 
yet  as  poet  he  must  speak  figuratively.    He  exclaims  as  he  looks  upon  it, 

"  Then  mark  the  cloven  sphere  that  holds 
All  thought  in  its  mysterious  folds : 
That  feels  sensation's  faintest  thrill 
And  flashes  forth  the  sovereign  will ; 
Think  on  the  stormy  world  that  dwelL^ 
Locked  in  its  dim  and  clustering  cells ! 
The  lightning  gleams  of  power  it  sheds 
Along  its  hollow  glassy  threads  !" 
^  —Dr.  0.  W.  Holmes. 

Such  combination  of  body,  life,  mind  and  feeling,  are  indeed,  more  won- 
derful than  mii-acle,  and  justify  the  anatomist  and  poet  in  his  prayerful 
conclusion  : 

"  O  Father !  grant  Thy  love  divine 
To  make  those  mystic  temples  thine.'*— 16. 

The  great  fact  is  never  to  be  forgotten,  that  the  body  is  fed  only  by 
material  food  ;  that  the  brain  and  the  nerves  are  also  fed  as  the  residue  of 
the  body  from  the  living  blood  ;  but  that  the  mind  is  ever  and  only  can  be 
fed  by  immaterial  perceptions  of  outward  and  inward  material  things, 
and  as  it  is  self-fed  by  its  own  immaterial  thoughts  and  inherent  emotions. 
How  amply  the  physical  brain  is  fed  by  the  blood,  is  apparent  when  physi- 
ologists tell  us,  that  its  proportion  to  the  whole  body  is  as  one  to  thirty - 
six,  while  one-fifth  of  the  whole  volume  of  blood  is  in  circulation  there. 

There  is  another  test  we  may  also  daily  observe  in  others  and  in  our- 
selves, showing  that  mind  and  body  are  not  alike  nourished,  namely,  that 
the  gross  feeding  that  expands  the  body,  does  not  enlarge,  but  obscures 
the  mind.  That  the  mind  is  usually  clearest  and  most  effective  when 
men  are  abstemious  and  temperate,  provided  only  they  eat  enough  to 
keep  up  their  normal  strength.  Many  bright  minds  that  have  enlightened 
the  world,  would  never  have  been  its  shining  lights,  had  not  their  bodies 
been  frail  and  their  physical  organization  delicate  ;  indicating,  not  that 
the  body  and  mind  were  one,  but  that  the  body's  grossness  had  not  over- 
laid or  obstructed  the  free  thinking  and  reasoning  mind. 

The  i)Ower  of  mental  consciousness  and  his  capacity  to  think,  constitute 
man's  great  distinction.  Mind  makes  him  man,  and  lifts  him  above  all 
other  creation.  It  is  the  mind  that  yields  him  all  his  purest  and  truest 
pleasures.  We  say  that  the  eye  sees,  and  the  ear  hears.  These  senses  are 
but  inlets  to  outward  sights  and  harmonies  ;  it  is  only  the  mind  that  per- 
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ceives  and  enjoys.     The  transporting  prospect  we  look  upon  ;  the  land- 
scape of  lawn,  trees,  river  and  mountain ;  or  the  music  that  charms  us 
with  indefinable  delight,  are  pleasures  inherent  in  the  mind,  inborn  of  the 
soul.     Led  by  the  great  dramatist,  we  willingly  say  with  him, 
•'  Here  will  we  sit,  and  let  the  sounds  of  music 
Creep  into  our  ears :  Soft  stillness  and  the  night 
Become  the  touches  of  sweet  harmony !" 
''Such  harmony  is  in  immortal  souls." 

And  such  inner  sense  of  the  beautiful ;  our  moral  sense  ;  our  sympathy 
with  our  fellow  beings ;  our  emotions  in  worship ;  '*our  sense  of  an  end- 
less being ;"  are  all  inborn  of  the  soul,  and  assure  us  ours  is  the  harmony 
of  "immortal  souls."  Necker,  statesman  of  France,  also  reassures  us  of 
what  Shakespeare  so  beautifully  said  :  **The  whisper  of  the  gales,  the 
murmur  of  waters,  the  peaceful  agitation  of  trees  and  shnibs,  would  con- 
cur to  engage  our  minds,  and  affect  our  souls  with  tenderness,  if  our 
thoughts  were  elevated  to  one  Universal  Cause."  It  is  thus  in  thought 
and  emotion  that  alone  we  can  rise  to  commune  with  our  higher  self,  with 
the  highest  endowments  of  our  friends,  and  with  Deity. 

The  materialist  supposes  he  has  advanced  his  theory  when  he  tells  us,  that 
it  has  been  found,  after  a  speaker  has  used  extraordinary  mental  exertions, 
an  analysis  of  his  urine  shows  an  increase  of  phosphorus  ;  and  this  is  in- 
ferred to  be  a  material  residuum  of  the  speaker's  spent  thoughts  !  The 
idea  must  be  that  phosphorus  is  the  matter  most  likely  to  be  mind.  Let 
us  apply  another  test,  not  material,  to  this  supposed  experiment :  the 
scrutiny  of  the  thinking  mind  itself.  The  exertions  of  the  speaker  were 
probably  much  more  physical  than  mental,  and  the  result,  if  true,  would 
be  more  properly  assignable  to  physical  causes.  The  ideas  of  the  speaker 
are  commonly  foinned  in  advance,  in  his  study,  in  quietude,  and  the  best  of 
them  in  the  wakeful  hours  of  the  night,  when  the  body  is  in  perfect  repose. 
The  delivery  of  them  so  far  as  the  intellect  is  tasked,  is  more  the  easy  ex- 
ercise of  memory  than  the  formation  of  new  ideas.  But  to  make  the  de- 
livery of  them  impressive,  the  orator  exerts  his  voice  ;  gives  violent  play  to 
the  lungs  ;  uses  earnest  gesture ;  accelerates  the  circulation ;  produces 
perspiration  ;  and  it  would  be  an  obvious  consequence,  even  if  there  were 
no  increase  of  the  phosphoric  deposit,  that  as  much  of  the  water  in  the 
blood  has  gone  out  through  the  pores  of  the  skin,  which  would  otherwise 
have  diluted  the  urine,  that  the  phosi)hoi'us  appearing  in  it  is  found  in 
larger  proportion. 

Though  matter  be  essential  to  the  growth  and  transmission  of  all  life  ; 
though  matter  and  life  be  essential  to  sustain  the  mind  in  its  manifesta- 
tions in  this  world  ;  all  these  three  are  of  vei-y  distinctive  nature.  In  the 
plant  there  is  life,  but  no  brain  or  nerves,  nor  feeling  or  mind.  These, 
therefore,  are  not  necessai-y  to  the  phenomenon  of  life.  It  is  the  nourLshed 
blood  of  other  composition  than  vegetable  protoplasm  that  must  flow  and 
bear  the  life-sustaining  material  of  the  animate  being,  and  that  for  brain 
and  nerves  as  well  as  the  residue  of  the  body.  You  may  intercept  tlie 
mind's  perception,  and  life  will  go  on  ;  but  intercept  the  blood's  ciroula- 
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tion  and  the  excluded  part  is  killed.  Sir  T.  C.  Morgan,  M.  D.,  says  :  **If 
the  supply  of  hlood  be  cut  ofif  from  a  limb,  by  means  of  ligatures  made 
upon  its  arteries,  sensibility  of  all  kinds  is  in  a  veiy  short  time  extin- 
guished ;  and  the  part  dies,  and  undergoes  the  same  changes,  as  supervene 
on  the  death  of  the  whole  body."  "  If,  on  the  contrary,  the  circulation 
continue  uhinterrupted,  and  the  ligature  be  cast  round  the  nerves  of  the 
limb,  so  as  to  cut  off  its  communication  with  the  cerebral  centre,  the  other 
tissues  will  continue  their  functions  uninterrupted  by  the  accident." 
**  These  counter-experiments  clearly  demonstrate  that  the  nervous  system 
is  not  the  fountain  of  life  to  the  rest  of  the  economy  ;  but  receives  its  ani- 
mation, in  common  with  all  other  tissues,  from  the  action  between  its  own 
vessels  and  the  circulating  fluids."  (Philosophy  of  Life,  217. )  Thus  the 
incomprehensible  life  requires  matter  as  the  vehicle  of  its  manifestations; 
and  the  incomprehensible  mind  requires  matter,  including  bi*ain  and 
nerves,  as  well  as  the  life,  for  its  manifestations  ;  but  the  distinctly  mani- 
fested actions  of  both  are  full  of  diversities  and  contraiieties.  As  life 
cannot  account  for  and  produce  matter,  nor  matter  life  ;  so  do  neither,  or 
both  together,  account  for,  or  produce  mind,  but  only  subserve  it.  For 
each  the  Cause  can  only  be  logically  sought  in  a  Creator ;  and  for  their 
wonderful  combination,  and  concuning,  or  counter-actions,  in  the  being 
man,  we  can,  in  reason,  only  refer  ourselves  to  Him  who  transcends  kll 
and  knows  all,  even  the  thoughts  and  mind  of  man.  That  mind  that  is  not 
matter  nor  the  life,  but  is  above  these  ;  that  has  no  likeness  on  earth  ; 
proves  itself  of  all  we  know  tlie  most  like  unto  God  who  is  a  spirit.  It 
alone  in  nature  reviews  its  own  consciousness,  as  under  an  inevitable 
sense  of  moral  and  religious  duty  and  accountability,  and  asks  and  an- 
swers the  question,  "  My  soul,  is  it  well  with  thee  ?"  If  there  be  another 
such  being  in  the  universe,  it  can  only  be  an  angel  in  heaven. 

Xavier  Bichat,  who  studied  and  wrote  at  the  end  of  the  last  century, 
and  until  the  second  year  of  this,  and  had  much  experience  in  surgical 
practice  during  the  French  Revolution,  was  certainly  the  profoundest 
physiologist  of  his  day.  He  did  not  fail  to  perceive  that  the  human  mind 
was  something  different  and  higher  than  the  brain  xind  the  nerves,  which 
he  regarded  as  but  material  instruments  of  the  mind.  lie  considered  a 
want  of  harmony  in  the  two  superior  hemispheres  of  the  brain  as  cause 
of  imperfect  perception,  not  by  the  brain,  but  by  the  mind  or  soul,  say- 
ing, **for  the  brain  is  to  the  soul  what  the  senses  are  to  the  brain;  it 
transmits  to  the  soul  the  impressions  conveyed  to  it  by  the  senses,  as  the 
senses  convey  to  the  brain  the  impressions  made  upon  them  by  external 
objects."  (On  Life  and  Death,  30-31.)  "If  both  ,(the  hemispheres)  do 
not  act  alike,  the  perception  of  the  mind,  which  ought  to  be  the  result  of 
the  two  sensations  united,  will  be  inexact  and  irregular."  (p.  31.)  He 
inquires,  whence  arises  the  facility  which  our  sensations  have  of  under- 
going so  many  modifications,  and  answers:  **  To  conceive  of  it,  let  us  first 
remark  that  the  centre  of  these  revolutions  of  pleasure,  of  pain,  and  in- 
difference, is  by  no  means  seated  in  the  organs,  which  receive  or  transmit 
the  sensation,  but  in  the  soul."  (lb.  49.)     Thus  imi>erfect  perception  and 
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apprehension,  and,  indeed,  imperfect  intellectual  powers  come  from  defects 
in  the  material  instruments  that  serve  it ;  but  it  is  to  be  said  that  the 
defective  structure  produces  deficient  mind  only  in  the  sense  that  it  has 
served  the  mind  with  imperfect  perceptions,  and  hence  with  erroneous 
conceptions  for  its  use.  The  nature  of  the  mind  may  thus  be  the  same  iu 
all,  though  furnished  with  perceptions  and  ideas,  and  exercised  and  de- 
veloped, as  variously  as  the  number  of  human  beings.  Then,  again,  the 
physical  constitution  and  the  animal  passions,  as  well  as  the  emotions  and 
affections,  social,  moral  and  religious,  will  also  differently  affect  the  sensa- 
tions, perceptions,  and  powers  of  reasoning  ;  our  thoughts,  imaginations, 
judgment  and  character,  and  yet  not  be  the  mind  that  thinks,  reasons, 
judges,  and  acts.  They  are  most  important  parts  of  the  being  ;  but  the 
physical  can  be  no  part  of  the  mind. 

Yet  Mr.  Huxley  tells  us  that  our  thoughts  "  are  the  expression  of  mo- 
lecular changes  in  that  matter  of  life  which  is  the  source  of  our  other 
vital  phenomena  ;"  but  he  states  no  reason  why  this  should  be  so;  why 
matter  or  life,  separately  or  together,  should  produce  thoughts.  He 
takes  no  notice  of  their  contrary  nature  and  operations  from  matter. 
Now,  as  we  have  seen,  the  process  of  life  gives  its  own  proofs,  immeasoi*- 
ably  surpassing  in  accuracy  that  of  the  microscope,  as  to  all  that  enters 
into  the  comj>osition  of  the  plant  or  animal,  as  attested  by  products  in- 
finitely varied,  and  thereby  has  proved  all  protoplasms  not  to  be  bases  of 
the  same  nature,  and  that  life  uses  other  elements  in  her  stmctures :  so 
the  different  natures  and  actions  of  thoughts  and  mind  from  life  and  mat- 
ter, must  be  taken  as  proof  that  they  are  not  one  with,  nor  can  be  pro- 
duced by  matter,  or  yet  be  the  life  that  has  subjected  matter  to  her  uses. 
The  life,  instead  of  producing  mind,  is  made  subject  to  the  mind ;  as  to 
its  uses,  what  it  shall  be ;  whether  it  be  more  worthless  than  the  fester- 
ing chamel  heap,  or  in  purity,  perfection,  beauty,  and  glory,  it  shall  be 
the  fitting  companion  of  immortal  immaculate  beings. 

Professor  John  Tyndall,  always  ardent  and  hopeful  in  scientific  dis- 
covery, does  not  leave  the  materialist  without  hope  in  the  future,  yet 
does  state  this :  "I  do  not  think  he  is  entitled  to  say  that  his  molecular 
groupings  and  his  molecular  motions  explain  everything ;  in  reality  they 
-explain  nothing."  "The  problem  of  the  connection  of  body  and  soul  is 
as  insoluble  in  its  modern  form  as  it  was  in  the  prescientific  ages.*' 
"The  passage  from  the  physics  of  the  brain  to  the  corresponding  facts  of 
consciousness  is  unthinkable."  (Fragments  of  Science,  119.)  True,  the 
manner  of  the  connection  is  unthinkable,  but  the  fact  of  such  connection 
between  very  dissimilar  things,  all  must  admit  who  do  not  deny  the  evi- 
dences of  their  senses,  the  proofs  of  experiment,  and  of  the  mind^s  testi- 
mony unto  itself ;  and  the  higher  significance  of  mind  and  emotion  seems 
equally  obvious. 

The  mind  is  placed  in  closest  alliance  with  the  body,  but  is  of  different 
•constituency  and  power.  Set  over  the  body  to  rule  it,  her  throne  is  in  tlie 
brain,  whither  the  nerves  of  sensation  are  ever  giving  information  from 
without  and  within  ;  whence  her  judgments  are  ever  issued,  and  executed 
through  the  nerves  of  command.     Would  you  liken  this  to  the  telegraph  *.* 
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— ^you  must  carry  the  comparison  to  include  both  operator  and  sender  of 
messages ;  must  note  that  in  the  centre  is  the  mind  that  thinks,  and  that 
I'^ceives,  and  sends  the  messages,  and  commands  and  executes  as  well. 
There  is  still  the  mastery  of  mind,  ever  asserting  her  power  over  matter, 
:and  her  own  likeness  unto  God.  And  though  so  small  a  speck,  there  is 
nothing  known  to  man  that  will  so  bear  to  be  put  in  comparison  with  our 
<3onception  of  Deity,  who  is  a  spirit,  as  the  immaterial  mind  of  man. 

It  is  not  to  be  doubted,  after  the  experiments  and  observations  of  Prof. 
Matteucci  and  Drs.  Du  Bois-Reymond,  Carpenter  and  RadcliflFe,  that 
-electricity  pervades  the  nerves  and  muscles  of  the  body  ;  the  precise  ser- 
vice of  which  awaits  further  development,  but  is  supposed  to  be  identified 
with  the  ordinary  force  and  action  of  the  nerve  and  muscle.  Dr.  Rad- 
<5liflfe  says,  as  the  result  of  his  investigations,  **  There  is  reason  to  believe 
that  all  kinds  of  electricity  act  upon  nerve  and  muscle  by  way  of  charge 
and  discharge,  the  charge  antagonizing,  the  discharge  permitting,  the 
state  of  action."  Whatever  may  be  further  ascertained  as  to  the  agency 
of  electricity  in  the  animal  economy,  of  this  we  may  be  assured,  that  it 
will  act  subserviently  to  life  and  to  the  will.  So  it  is  found  in  the  electri- 
<5al  eel  and  the  torpedo  fish,  in  which  life  largely  accumulates  it,  and  the 
will  discharges  it  upon  an  enemy,  in  electric  shocks,  but  only  so  long  as 
the  supply  lasts,  when  the  belligerent  thus  armed  must  await  renewal  of 
supply  by  natural  recuperation.  With  all  animate  creatures  rest  after 
fatigue  is  the  appointed  means  for  renewal  of  strength  to  muscle  and 
nerve,  to  become  fitter  instruments  of  the  will ;  and  that  is  to  say,  after 
the  exacting  will  has  ceased  to  enforce  wasteful  action,  the  life  process 
works  on  during  repose  to  restore  the  strength,  and  the  more  perfectly  if 
we  sleep.  The  strength  or  electricity  would  not  be  given  us  without  the 
life  gave  it,  and  neither  is  to  be  identified  with  the  life,  or  mind,  or  will. 
I  suppose  thei-e  are  few  of  active  mind  who  have  not  the  consciousness, 
when  going  to  sleep,  of  those  sudden  nervous  throbs  that  tell  us  that  a  dis- 
turbed electricity  is  seeking  its  equilibrium  in  the  body,  and  thus  several 
times  defeating  the  desire  to  sleep.  This  occurs  at  the  moment  of  oblivi- 
ousness ;  showing  that  the  mind  had  until  then  restrained  electrical  action  ; 
but  which  ensues  as  a  physical  action  in  the  body,  as  soon  as  the  mind 
«eases  to  rule.  Many  materials  concur  to  build  the  human  temple  and  to 
subserve  the  life.  Tlie  blood  alone  has  its  more  tlian  dozen  elements  ;  its 
water,  albumen,  fibrin,  sodium,  lime,  magnesia,  iron,  &c. ;  and  heat  and 
^electricity  may  warm  the  body,  and  aid  the  vital  functions,  yet  be  not  mind. 
And  our  minds 

"  Are  not  wholly  brain, 

Magnetic  mockeries ;''    *    *    * 
"  Not  only  cunning  casts  in  clay  : 

Let  science  prove  we  are,  and  then 

What  matters  science  unto  men?" 

—Tennyson. 

Prove  man  is  worthless,  then  is  science  worthless  all. 

One  so  practical  and  learned  as  Dr.  Carpenter,  and  so  fully  infonned 

upon  the  results  of  modem  scientific  investigation,  and  himself  writing 

as  a  life-long  teacher  of  physiology,  regards  the  brain  as  the  instrument 
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of  mind  other  tliaii  itself.  **  The  physiologist  knows  full  well,  that  the 
immediate  operation  of  the  will  is  not  upon  the  muscle  but  upon  the 
brain."  **  We  have  not  only  evidence  of  the  excitement  of  nerve-force 
by  mental  agency  ;  the  converse  is  equally  true,  mental  activity  being 
excited  by  nerve-force."  And  he  proceeds  to  say,  **  it  is  obvious  that  the 
view  here  taken  does  not  in  the  least  militate  against  the  idea,  that  mind 
may  have  an  existence  altogether  independent  of  the  material  body  through 
which  it  thus  manifests  itself."  "  In  the  control  and  direction  which  the 
will  has  the  power  of  exeHing  over  the  course  of  the  thoughts,  we  have 
the  evidence  of  a  new  and  independent  power,  which  is  opposed  in  its 
very  nature  to  all  the  automatic  tendencies,  and  which  accordingly  as  it 
is  habitually  exerted,  tends  to  render  the  individual  a /r^e  agenV^  (Physi- 
ology, Sees.  r)8.'),  586,  588.) 

The  capacity  of  the  body  is  limited.  Its  growth  cannot  be  forced.  It 
can  add  not  a  cubit  to  its  stature.  But  no  limits  can  be  assigned  to  the 
acquisitions  of  the  mind.  AVhile  he  has  life,  man  may  learn.  True, 
students,  ardent  and  ambitious,  will  often  sacrifice  their  lives  in  the  pur- 
suit of  knowledge  :  but  that  is  not  because  the  mind  has  taken  into  itself 
more  than  it  will  hold,  but  more  rapidly  than  the  frail  body  will  bear,  and 
in  manner  violating  the  laws  of  health  ;  those  laws  that  require  the 
exercise  of  the  muscles,  the  play  of  the  lungs  in  breathing  fresh  air,  and 
an  accelerated  movement  of  the  circulations,  of  the  assimilative  process,. 
and  of  all  life's  functions  ;  and  due  rest  and  sleep.  The  versatile  and 
boundless  ranging  mind  must  wait  upon  the  limited  conditions  of  its  sub- 
servient companion  ;  by  wisely  doing  which  this  life  may  last  long,  and 
the  mind  ceaselessly  acquire  increase  of  knowledge  and  power.  But  ever 
the  master  mind  must  be  doing,  or  naught  is  done. 

Dr.  Carpenter,  as  a  purely  scientific  teacher,  also  speaks  of  the  soul's 
relation  to  the  Infinite  ;  and  of  its  constituting  one  of  the  most  distinc- 
tive peculiarities  of  man,  and  as  the  main-spring  of  human  progi-ess. 
He  says  the  desire  for  improvement  grows  by  what  it  feeds  upon  ;  '*in 
the  higher  gi*ades  of  mental  development  there  is  a  continual  looking  up- 
ward, not  towards  a  mere  elevated  human  standard,  but  at  once  to  some- 
thing above  man  and  material  nature."  He  desires  to  participate  in  a 
spiritual  existence,  of  which  the  germ  has  been  implanted  in  the  mind 
of  man,  and  which,  developed  as  it  is  by  the  mental  cultivation,  *  *  *- 
has  been  regarded  by  philosophers  in  all  ages  as  one  of  the  chief  natural 
arguments  for  the  immortality  of  the  soul."  (Physiology,  Sec.  7.)  And 
he  concludes  his  work  on  Animal  Physiology,  in  these  words  :  "  The 
philosopher  who  has  attained  the  highest  summit  of  mortal  wisdom,  is  he 
who,  if  he  use  his  mind  aright,  has  the  clearest  pt^rception  of  the  limits 
of  human  knowledge,  and  the  most  earnest  desires  for  the  lifting  of  the 
veil  that  separates  him  from  the  Unseen.  He,  then,  has  the  strongest 
motives  for  that  humility  of  spirit  and  purity  of  heart,  without  which, 
we  are  assured,  none  shall  see  God." 

While  I  would  thus  elevate  mind  to  its  truthful  distinction  and  pre- 
eminence, I  would  say  nothing  to  disparage  the  material  and  living  crea- 
tion.    While  physicists  ascribe  all  to  matter, — all  matter,  all  life,  all  mind,. 
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— and  nothing  to  God,  I  ascribe  all  to  Him  ;  yet  regard  matter  as  essential 
means  to  all  life,  and  to  the  exhibition  of  all  mind  upon  this  earth.  We 
see  God's  good  design  in  physical  nature,  and  that  design  we  must  rever- 
ence, and  learn  to  adore  Him  in  the  sublimity  of  his  works.  Without 
this  material  earth,  and  sun  that  lights  and  warms  it,  there  would  be  none 
of  the  life  tliat  we  behold — would  not  be  human  souls  to  people  heaven. 
Climate,  it  is  to  be  admitted,  does  make  the  Esquimau  and  the  Negro 
what  they  are.  Unfriendly  to  life  and  its  happiest  phy  sical  development, 
it  is  also  unfriendly  to  intellectual,  to  moral,  and  religious  culture  ;  and  it 
also  fails  either  in  the  productions  needful  for  man's  uses  and  improve- 
ment, or  produces  animal  and  vegetable  life  so  rankly  as  to  over-master 
the  unskilled  native,  until  he  shall  be  helped  by  the  stronger  and  more  in- 
ventive man  of  the  temperate  zone.  But  it  follows  not  that  the  mind  is 
the  production  of  the  surrounding  physical  causes,  but  only  that  these 
liave  not  so  well  developed  the  instrument  the  minds  must  use  ;  and  con- 
sequently the  mind  itself  is  not  so  fully  developed. 

The  mind  it  is  that  is  ever  conquering  nature  and  moulding  matter  and 
ruling  life.  It  reclaims  the  earth  to  culture,  fells  the  forest,  drains  the 
morass,  destroys  wild  beasts ;  mines  the  fuels  and  metals ;  makes  and 
applies  iron  to  its  ten  thousand  uses  ;  constructs  railroads  and  telegraphs; 
^creates  the  arts  and  sciences ;  educates  mankind  generally  unto  a  higher 
•civilization,  and  makes  a  large  proportion  almost  what  they  should  be  ; 
-that  is  to  say,  learned,  temperate  and  wise,  lovers  of  man  and  worshipers 
of  God ;  and  all  are  advanced  in  moral  conduct,  except  the  irreclaimably 
vicious.  The  task  remaifiing  before  our  humanity  is  to  endeavor  to  cause 
the  people  to  approximate  the  standard  of  perfection;  and  if,  peradventure, 
-we  get  a  majority  of  such,  the  world  will  have  made  inestimable  progress. 
And  why  should  we  not  all  strive  for  such  consummation  ?  In  every  branch 
of  business,  men  exert  a  wonderful  amount  of  common  sense  and  acute-- 
Tiess  of  thought,  and  achieve  admirable  success.  Half  the  like  assiduity  and 
culture  directed  upon  their  own  minds  would  produce  a  transformation  of 
character  and  increase  of  intelligence,  that  would  excite  their  wonder  and 
the  admiration  of  the  world.  Mind  only  can  do  it,  but  mind  can  work  the 
•consummation;  and  that  is  the  great  hope  of  all  thoughtful,  good  men. 

In  all  ages  men  have  spoken  of  matter  and  mind  ;  of  the  flesh  and  the 
«X>int ;  of  body  and  soul,  as  things  of  contrasted  nature,  and  as  at  strife, 
Yintil  one  has  attained  the  rule  over  the  other ;  and  if  that  rule  be  of  the 
ilesh  or  the  sensual  passions,  it  is  a  dominion  of  sure  degradation  and 
early  destruction ;  but  if  it  be  of  the  truthful  mind,  then  is  it  a  dominion 
of  -pesLce  and  wisdom.  Paul  said  :  **I  see  another  law  in  my  members 
warring  against  the  law  of  my  mind ;"  with  the  sin  in  those  members  his 
sense  of  duty  was  also  at  war :  and  to  desist  from  fulfillment  of  the  sense 
of  duty,  was  to  him  intolerable  woe.  Mankind  have  always  made  such 
contrast,  and  adopted  their  lesson  of  discipline  from  the  requisition  of  an 
exacting  conscience,  and  by  induction  from  surely  observed  facts.  And 
when  our  friends  are  with  us  in  life,  what  is  it  that  so  much  engages  our 
attachment  and  love  and  veneration  for  them  ?  Not  surely  the  body,  ex- 
cept slightly  by  association,  since  it  is  the  temple  where  higher  excellence 
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dwell ;  but  it  is  the  intelligent  mind,  the  loving  heart,  the  well-tried  vir- 
tues. And  when  death  has  taken  our  friend,  for  what  is  our  sorrow?  Not 
for  the  body,  so  little  diiitinguishable  from  other  bodies,  but  for  the  intel- 
lectual and  social  companion,  who  had  requited  our  love,  but  may  never 
again ;  that  instructor  and  adviser  with  whom  we  took  wise  counsel,  but 
shall  no  more  on  earth  forever.  It  is  for  the  social  and  good  and  generous, 
mind  that  we  grieve  with  a  grief  that  refuses  to  be  comforted,  except  as- 
we  find  it  in  the  faith  that  assures  us  we  shall  meet  again,  never  again  to 
be  separated  ;  a  necessary  faith  of  human  consolation,  and  therefore  proof 
to  ourselves  that  our  minds  and  virtuous  affections  shall  be  immortal. 
This  was  the  testimony  of  Buckle,  as  to  his  own  experiences  and  reflec- 
tions after  he  had  witnessed  the  slow  decline  and  death  of  his  beloved 
mother ;  testimony  that  refuted  the  skeptical  philosophy  of  his  life  ;  and 
has  redeemed  his  memory  from  apparent  heartlessness,  and  made  it  very- 
beautiful  to  those  whose  philosophy  grasps  the  immortality  of  the  soul. 

Matter  and  life  are  always  undergoing  changes,  and  both,  in  the  human 
body,  kept  in  health,  will  live  through  length  of  happy  years  ;  but  at  some 
time  they  will  hasten  towards  dissolution,  and  come  to  the  end  of  their 
organism  ;  and  the  life  will  only  thereafter  continue  as  it  has  been  im- 
parted to  offspring.  But  mind  or  thought  is  everlasting,  if  there  can 
only  be  found  imperishable  material  to  hold  its  expressions.  If  the 
printed  page,  or  the  canvas,  or  marble  will  endure,  the  thoughts  of  the 
author  and  artist  will  last  forever.  The  eternal  thought  can  then  only  be 
assailed  tlirough  its  allied  perishable  material ;  and  that  mind  shall  never 
perish,  it  only  needs  an  imperishable,  a  ** celestial  body;"  and  that  it  should 
be  translated  into  one,  or  live  independently  of  one,  should  be  no  more  a 
mystery  to  philosophy  than  that  the  human  soul  has  existed  in  its  mortal 
habitation ;  is  not  more  questionable  as  within  the  power  of  the  Almighty 
and  Ilis  fulfillment  of  the  logic  of  His  creation,  than  the  fact  that  a  blade 
of  grass  shall  grow,  or  that  this  body  is  now  the  habitation  of  a  human  life. 

The  subject  of  this  discourse  might  be  continued  through  volumes,  and 
the  WTiter  be  all  the  while  dealing  with  as  veritable  realities  as  those  that 
occupy  the  physicist  or  naturalist,  whose  great  deficiency  so  often  is,  that 
he  becomes  so  wedded  to  the  material  that  he  disregards  the  mental  and 
moral  in  his  philosophizing,  and  is,  therefore,  possessed  of  but  half  the 
facts  needful  as  a  basis  whence  to  make  induction  of  all  the  great  truths^ 
of  Creation.  He  needs  to  know  more  to  become  wiser  and  more  chari- 
table ;  and  the  metaphysician  and  theologian  also  need  to  know  all  the 
truths  of  physical  nature  the  former  can  develop,  all  of  them  God's  truths, 
that  they  may  become  more  fully  informed,  and,  perhaps,  more  chari- 
table ;  that  they  may  clearly  know  the  physical  works  and  laws  of  the 
Creator,  and  the  more  perfectly  love  and  adore  Him.  Each  class  is  in 
possession  of  numberless  invaluable  truths,  but  neither  possesses  so  many 
as  it  should  know  ;  and  this  is  partly  owing  to  the  wall  of  partition  their 
hostility  has  erected  between  them.  While  it  is  natural  that  each  should 
cling  strongly  to  its  convictions,  these  convictions  must  be  based  upon  all 
facts  requisite  to  truth,  that  they  may  endure. 

And  here  let  me  not  be  understood  as  making  a  general  charge  of 
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materialism  against  physicists,  for  I  am  happy  in  believing  that  the  great 
majority  of  physicists  are  not  materialists.  I  give  credit  to  all  who  dis- 
avow a  materialistic  faith,  including  Dr.  Huxley  ;  giving  credit  to  the  like 
disavowals  here,  there  is  no  materialist  known  to  me  in  this  Society.  I 
have  been  enabled  to  use  the  authority  and  facts  furnished  by  eminent 
physicists,  with  great  advantage,  to  sustain  the  views  expressed  in  this 
essay,  as  those  of  Bichat,  Morgan,  Carpenter,  Holmes,  and  Tyndall. 

While  the  drift  of  Professor  Huxley's  lay  sermon  favors  materialism, 
there  is  that  in  "systematic  materialism  "  that  repels  him  as  something 
pernicious.  The  last  words  of  the  sermon  are  these:  "The  errors  of 
systematic  materialism  may  paralyze  the  energies  and  destroy  the  beauty 
of  life."  He  has  some  other  faith,  therefore,  which  preserves  him  from 
the  deadly  influence  he  deprecates,  and  the  loss  of  the  sense  of  the  beauty 
of  life  which  he  loves.  It  can  only  be  a  more  elevating  philosophy,  by 
his  concession,  that  can  preserve  to  us  a  sense  of  the  beauty  of  life  ;  may 
we  not  say,  "the  beauty  of  holiness?"  Such  good  fruit  must  be  proof  of 
the  greater  truth  of  the  higher  philosophy  he  conceives  and  believes,  yet 
does  not  explain  or  advocate,  but  has  sought  to  supplant.  Now  how  only 
do  men  attain  their  highest  sense  and  example  of  this  ".beauty  of  life'?" 
It  is  by  a  belief  in  the  immortal  life,  and  by  cherishing  the  highest  ideal 
of  perfection,  which  that  belief  ever  presents  to  our  apprehension,  with 
an  obedience  to  the  injunction  to  strive  to  be  perfect  as  the  higher  per- 
fection ;  even  looking  to  the  perfection  "of  our  Father  in  heaven."  That 
cannot  be  the  truth  of  life  that  could  "  paralyze  the  energies  and  destroy 
the  beauty  of  life."  Why  then  seek  to  build  up  a  philosophy  which  con- 
demns itself?  Why  seek  to  establish  a  theory  at  which  our  given  sense 
of  truth  and  beauty  revolts  ?  Why  seek  to  entomb  the  mind  in  matter, 
and  thereby  lose  our  own  soul  ?  The  useful,  the  beautiful,  and  the  per- 
fect in  God's  creation  attest  the  truths  thereof  and  that  it  is  His.  It  re- 
mains ever  to  be  a  sure  test,  by  their  fruits  are  all  things  to  be  known. 

I  would  now  leave  it,  as  the  testimony  of  one  who  has  lived  longer  than 
the  allotted  three  score  years  and  ten,  not  unobservant  of  men,  nor  unre- 
flecting upon  the  question  of  the  wherefore  of  our  being,  with  a  mind 
consciously  open  to  the  reception  of  every  truth  presented,  for  all  that  the 
conviction  of  one  mind  may  be  worth, — that  the  doctrine  of  materialism 
cannot  be  adopted  as  a  belief  of  mankind,  until  men  shall  become  capable 
of  confounding  things  the  most  opposite  in  nature  ;  until  they  can  believe 
that  light  can  be  darkness  ;  good  be  evil ;  right,  wrong  ;  not  until  men  can 
dissever  effect  from  its  due  cause  ;  logic  from  reason  ;  creation  from  its 
Creator.  Not  until  then,  will  they  confound  mind  with  matter.  All 
nature  demands  a  broader  and  truer  interpretation,  wherein  every  part 
shall  have  assigned  to  it  its  just  significance,  and  unto  the  whole  its  ade- 
quate import  be  ascribed.  Each  and  all  imply  no  less  than  that  there  is  a 
Creator,  and  that  the  human  soul  has  a  life  immortal.  If  the  soul  of  man 
has  not  this  significance,  then,  tnily.  Creation  is  without  adequate  motive 
or  result  for  all  eternity.  But  if  we  be  children  and  heirs  of  God,  there 
is  a  sufficient  solution  of  the  purpose  of  our  being,  and  an  object  worthy 
the  glory  of  the  universe. 
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COKRELATION^s  OF   COSMICAL  xVND  MOLECULAR  FORCE. 

By  Pliny  Eakt.e  Chase, 

Professor  of  Physics  in  Haverford  College. 

{Read  before  the  America u  Philoiophical  Society,  February  IQth,  1873.) 

If  it  be  granted 

1.  That  all  forms  of  terrestrial  organic  energy  are  transformed  modifica- 
tions of  solar  radiation ; 

2.  That  centrifugal  and  centripetal  energies  tend  continually  to  equilib- 
rium ; 

;{.  That  the  kinetic  energy  of  a  perfectly  elastic  medium  under  constant 

pressure,  bears  a  definable  ratio  to  its  kinetic  energy  under  constant 

volume  ; 

Then  the  kinetic  energy  of  dinsociated  water  should  be,  approximately,  to 
the  kinetic  energy  of  terrestrial  rerolntion,  as  the  mass  of  the  earth,  is  to 
the  niasH  of  th^  sun. 

And  the  energy  of  hydrocarbons  should  be,  approximately,  to  the  energy 
of  dissociated  water,  as  elastic  energy  tinder  constant  colume,  is  to  elastic 
energy  under  constant  pressure. 

For  the  measures,  of  the  energy  of  gaseous  combustion,  and  of  the 
energy  of  orbital  revolution,  are,  respectively,  the  mean  height  of  oscilla- 
tion excited  by  the  igneous  energy  of  the  combustible  compound,  and 
the  mean  distance  from  the  sun  at  which  the  earth  is  sustained  in  its 
orbital  revolution.  It  is  evident,  from  the  well  known  laws  of  elasticity, 
tliat  If  a  perfectly  elastic  body  were  lifted,  in  cacuo,  to  any  given  height, 
and  .then  let  fall,  it  would  rebound  to  the  height  from  which  it  fell,  and 
this  oscillation  would  be  perpetual,  unless  disturbed  by  extraneous  forces, 
in  the  same  way,  and  for  a  similar  reason,  that  the  earth  continues  its 
elliptical  oscillation  about  the  sun.  Inasmuch  as  the  total  radiating  force 
is  considered  in  each  instance,  [the  time  consumed  in  storing  up  and  in 
liberating  the  accumulated  solar  energy  being  left  entirely  out  of  ques- 
tion, ]  the  element  of  velocity  is  not  involved  in  the  preliminarry  deter- 
mination. It  may,  however,  be  subsequently  ascertained,  if  desired,  by 
the  form ula,  'c^  \  ^  j^ 

It  is  evident  that  the  dissociated  oxygen  and  hydrogen  tend  to  expand, 
in  consequence  of  any  liberated  interior  energy,  under  constant  exterior 
pressure,  while  the  hydrocarbons  are  restrained  by  the  cohesive  forces 
which  tend  to  maintain  a  constant  volume. 

For  the  purpose  of  testing  the  accordance,  both  of  the  postulates  and 
of  the  conclusions,  with  the  facts  of  obsei'vation  and  experiment,  it  might 
be  deemed  sufl&cient  to  confine  attention  exclusively  to  the  lightest  and 
most  elastic  gas,  and  to  the  lightest  and  most  volatile  liquid.  But  I 
believe  the  same  principles,  with  simple  modifications,  are  applicable  to 
all  forms  of  matter,  and  I  have  already  extended  the  investigation,  with 
some  encouraging  results,  to  inorganic  elements  and  compounds.  I  sub- 
join, from  Muspratt's  Chemistry,  all  the  elements  and  products  involved 
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in  the  unstable  equilibria  of  organic  life,  for  which  I  have  been  able  to 
find  any  recorded  experimental  value.     In  all  cases  which  have  been  tested 
by  more  than  one  observer,  the  kinetic  ratios  represent  the  mean  of  all 
the  latest  and  most  authentic  results.     For  convenience  of  expression,  I 
employ  the  following  symbols : 
(Z^length  of  terrestrial  day. 
y'=duration  of  orbital  revolution  of  the  earth. 
y"=»         "  "  "  "the  moon. 

y'"=^       "  "  "  "a  hypothetical  satellite  at  the  sur- 

face of  the  earth. 
fl«=32.0874377  feet. 
r=-radius  of  the  earth=30,923,654  feet. 

e'y  e" Cxvi  ^  combustible  (hydrogen,  ether, carbon). 

Yxiyy" Yxvi  )=product  of  combustion. 

^x  (^'9  ^" ^xvi  )=thermal  units,  or  number  of  pounds  of  water  heated 

10  C.  by  the  combustion  of  1  pound  of  Cx 
J^= Joule's  equivalent,  ^//^  mile — ^pounds. 
«?/j:— =weight  of  j^^.-^- weight  of  C/j.. 
i^'"=mean  height  at  which  the  earth  is  suspended  under  the  centrifugal 

force  of  the  sun. 
^/'.^  u  it  u  moon    **        "  centrifugal    force    of 

the  earth, 
^/{.'^mean  height  at  which  Yx  would  be  suspended,  in  the  oscillation 

maintained  by  combustion  and  gravitation^/X^^r-^^W/j.. 
ly'-j-AiP— /ji/p,   approximation  to  solar  mass  in  units  of  earth's  mass, 
furnished  by  c^.. 

A^f— kinetic  ratio  of  Cq^!^x^^ 

p^f^rMo  of  experimental  to  theoretical  value  of  A;^. 

«i',  w",  w"'=mass  of  sun,  earth,  moon. 


^x 

Symbol. 

r« 

^x        px        Authorities  * 

1  Hydrogen 

H 

HO 

1.000  1.000  D,  H,  G,  F&8,  A 

2  Ether 

C\H,0 

4CO„5HO 

1.494  1.004  D.,  F&8. 

3  Olive  Oil 

C,oH«0 

10CO2,8HO 

1.495  1.004  D. 

4  Terebene 

CioHs 

10CO2,8HO 

1.503  1.010  F&S. 

5  Marsh  Gas 

CH2 

C02,2HO 

1.518  1.020  D.,  G.,  A.,  F&S. 

6  Amylic  Ether 

CioHuO 

10CO2,llHO 

1.521  1.022  F&S. 

7  Phosphorus 

P 

PO5 

1.529  1.027  A. 

8  Olefiant  Gas 

CH 

C02,HO 

1.534  1.030  D.,  G.,  F&S.,  A. 

9  Oil  of  Turpentine  C5H4 

5C02,4HO 

1.542  1.036  G.,  F&S. 

10  Oil  of  Lemons 

CioHg 

10CO2,8HO 

1.545  1.038  F&S. 

11  Fusel  Oil 

CiaHjoOo 

10CO«12HO 

1.596  1.072  F&S. 

*  A. .  Aadraws.  D. ,  Dnlong.  F&S. ,  Fayre  and  Silbermann.  O. ,  Grassi.  H .,  Hess.  I 
reject  Dalton's  determinations  of  J(r^  for  camphor  (2.808),  because  in  nearly  every  instance  lie 
obtained  much  higher  values  than  any  later  experimenters.  Further  experiments  with  that  sub- 
stance (Ci^HsO,  yielding  10CO2,8HO)  would  be  interesting,  and  perhaps  suggestive. 
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12  Alcohol 

C\H.(), 

4C0^61IO 

1.601  1.076  D.,  G.,  F&S.,  A. 

13  Cyanogen 

C,N 

2CO„X 

1.647  1.106  D. 

14  Acetone 

C,H,0 

3C0^3HO 

1.681  1.129  F&S. 

15  Wood  Spirit 

C\HA 

2C0^4HO 

1.722  1.157  G.,  F&S. 

16  C'arlion 

C 

CO, 

1.853  1.245  D.,  G.,  H. 

The  following  examples  indicate  the  manner  in  which  the  several  values 
are  determined  : 

AW.  ''-2«'-Sx-^ -280.5  miles.- 

1^3     8959)^11     ,^.  ^  ,, 
^'xi-«^>'xi  =  2,r^i-r320'^     2x4r-^*'^* 

*xi— ^*xi  -•  A,— 1.596 
If  an  elastic  fluid  is  lifted  above  the  earth's  surface,  subject  to  the 
(nearly)  constant  pressure  of  gravity,  the  superficial  pressure  varies  as 

(  —  j  '  and  the  volume  as  ( j  '     The  value  of  h  for  HO  being,  as 

we  have  seen,  561  miles  (or  twice  Ji^,  wliich  represents  the  mean  height  of 

oscillation),  if  we  call  r  (earth's  mean  radius)  3956  miles,  I )  «— 1.4886. 

This  corresponds  approximately  to  the  experimental  valuation  adopted 
by  Tyndall  (1.421),  and  is  almost  identical  w^ith  the  experimental  kinetic 
ratioof  ether  (1.494). 

y'"— 2rj  r  ^gp— 5074  seconds. 

y"— 27  dys,  7  h.,  43  min.  12  s. 

y^//—(y''-j-y/)|Xr— 237937  miles. 

By  my  hyi>othesis. 

And,  according  to  well  known  mechanical  laws, 

Solving  the  equations,  we  obtain  the  following  values  : 
Sun's  mass  330,260 

*  *    distance  92, 639, 500  miles. 


*  If  e  represents  the  extreme  exenrBion  of  the  exploded  rases,  the  centre  of  gyration,  consider- 
inr  the  earth's  sarface  as  the  axis,  being  „-,  the  secondary  centre  of  oscillation,  J^  the  return 

towards  the  centre  ^-.i"*  at  ^,  and  ~  of  343330  C.-^I533«  F. 
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THE  HERSCHELL-STEPHENSON  POSTULATE. 

By  Pliny  Earle  Chase. 

(Bead  before  the  American  PhilosopMcal  Society,  March  \%t,  1872.) 

Of  the  three  postulates  which  I  submitted  to  the  Society  at  its  last 
meeting,  I  presume  the  first  will  generally  be  considered  the  most  ques- 
tionable. The  hypothesis  of  Herschel  and  Stephenson,  that  the  coal  con- 
sumed under  our  boilers  merely  imparts,  to  the  steam,  solar  energies 
which  have  been  imprisoned  for  ages  by  the  molecular  attraction  of  the 
carbon  particles,  has  been  commonly  accepted  as  a  beautiful  poetical 
fancy,  having,  perhaps,  some  indefinite  foundation  in  truth.  Few  per- 
sons, howler,  can  have  indulged  the  expectation  that  so  vague  a  surmise 
would  ever  yield  any  satisfactory  numerical  results,  and  it  will  not  be 
strange  if  even  the  close  coincidences. to  which  it  has  led  me,  may  be 
regarded  by  many  as  merely  accidental. 

The  following  comparisons  show  the  character  of  the  agreement 
between  estimates  of  solar  distance,  mass,  and  parallax,  based  upon 
various  chemical  and  astronomical  observations : 

I.    By  Flame  Analysis. 

According  to  Experiments  of  Distance.  Mass.  Parallax. 

// 

Andrews 93,631,000  340,950  8.73 

Favre  and  Silbermann. .  92,471,000  338,430  8.839 

Grassi 92,466,000  328,370  8.84 

Dulong 92,363,000  327,290  8.85 

Hess 92,298,000  326,590  8.856 

II.    By  Astronomical  Computation. 

According  to  Calculations  of  Distance.  Mass.  Parallax. 

// 

Encke 95,311,000  359,630  8.576 

Liais 93,309,000  337,440  8.76 

Newcomb 92,380,000  327,480  8.848 

92,152,000  325,040  8.87 

Stone,  corrected 91,945,000  322,900  8.89 

Hansen 91,672,000  319,990  8.9165 

Stone 91,512,000  318,320  8.932 

Leverrier 91,329,000  316,470  8.95 

Wineke 91,186,000  314,930  8.964 

My  own  faith  in  the  significance  of  such  coincidences,  and  in  their  sug- 
gestive value  as  indications  of  an  instinctive,  intelligent  as  well  as  intel- 
ligible, purpose  in  nature,  inclines  me  to  the  acceptance  of  speculations, 
based  on  thermodynamic,  spectroscopic,  and  analogous  theories,  even 
before  all  their  premises  have  been  recognized  as  either  axiomatic  or 
rigidly  demonstrable.     The  desirableness,  however,  of  completing  the 
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proof  as  soon  as  possible,  must  be  admitted,  and  I  now  submit  som& 
further  considerations,  which,  in  my  own  judgment,  impart  a  more  strictly 
mathematical  character  to  my  fundamental  postulate. 

It  is  well  known  that  the  velocity  acquired  in  falling  towards  an 
attractive  centre,  depends  upon  the  attracting  mass  and  the  distance 
fallen  through.    In  other  words. 


2h 


It  is  moreover  evident  that  in  any  perfectly  elastic  particle,^  oscillating 
perpetually  in  a  compound  orbit,  about  two  centres  of  attraction,  as  in 
the  hypothetical  case  of  water  vapor,  set  in  motion  by  the  force  of 
chemical  combination,  if 

7n  oc  2h, 

Oh 

the  proportionate  velocity  communicated  by  gravity  varying  as  -y  -  ,  the 

proportionate  living  force  will  vary  as  -   .    The  mean  amounts  of  living 

d 

force  imparted  by  each  of  the  two  attracting  centres  will  then  tend  con- 
stantly to  equality,  thus  counteracting  any  indefinite  expansion  or  con- 
traction towards  the  centre  of  prepondering  attraction,  which  would 
otherwise  gradually  draw  the  oscillating  body  to  itself.  This  exigency 
can  be  satisfied,  and  a  perpetual  oscillation  maintained  by  the  conjoint 
action  of  gravity  and  elasticity,  only  when  2h  has  the  proportional  value 
here  indicated. 

The  question  may  be  approached  in  another  way.  The  sustaining  vU 
viva  of  the  earth  in  its  orbit,  having  been  acquired  by  a  virtual  fall  through 

the  half-radius  (A'=  -j,  let  it  be  required  to  find  the  proportionate  part 

of  the  possible  fall  which  will  sustain  the  elastic  oscillation. 

Since  the  attracting  forces  (or  the  virtual  masses  acting  at  the  point  of  ' 

disturbance),  vary  as  ''J,  the  virtual  centrifugal  forces  will  vary  as  ''* . 

Then 

d"      d 

7n'    '  2A"        d'' 

At  whatever  distance  from  the  centre  the  elastic  particle  encounters  an 
obstacle,  a  portion  of  the  force  must  be  communicated  to  the  obstacle, 
originating  new  molecular  motions,  which,  if  they  could  all  be  known, 
would  show  that  the  aggregate  amount  of  force  is  still  maintained.  The 
following  attempt  to  trace  a  portion  of  the  transmitted  forces  of  inter- 
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Tupted  oscillations,  may  perhaps  suggest  others  that  will  be  more  com- 
plete and  satisfactory  : 

m'        sun's  mass 

m''    earth  s  mass  ' 

<f'— 91,328,000 

ef"-=3, 962.8 

^"  — 290.85 

m' 

v'  "=  hourly  velocity  of  a  body  revolving  at  the  distance  d'  from  the 
-sun's  centre,  or  at  the  distance  h'^  from  the  earth's  centre,  >—  65,062.4 
miles. 

In  consequence  of  the  solidity  of  the  earth,  the  hypothetical  perpetual 
oscillation  of  the  combined  H  and  O  through  the  major  axis  2h",  must  be 
maintained  at  d"  instead  of  at  h"  from  the  earth's  centre.    Its  maxi- 

mum  velocity  is  therefore  only  ^  ofv',  which  —9609.36  miles  — 9.24X 

i;he  equatorial  superficial  velocity  of  rotation,  or  9. 01 65  X  the  velocity  at 
the  centre  of  oscillation  of  the  semi-axis  h. 

The  reaction  of  the  elastic  atmospheric  particles,  in  their  continual  re- 
bounds from  the  earth's  surface,  under  tidal,  thermal,  chemical,  and 
molecular  influences,  should  contribute,  in  connection  with  the  motion  of 
revolution,  to  a  rotary  motion  in  the  earth  itself.  The  following  coin- 
cidences, at  the  boundary  lines  of  the  interior  (Telluric)  and  exterior 
(Jovian)  planetary  systems,  seem  to  render  it  probable  that  a  reference  to 
>oentres  of  oscillation  may  ultimately  account  for  the  masses,  order  of  ar- 
rangement, and  times  of  rotation,  of  the  several  planets  and  satellites,  as 
well  as  for  their  period  of  revolution. 

If  we  assume,  in  the  sun,  as  well  as  in  the  oscillating  H^O,  a  virtual 

T 

-centre  of  oscillation  at  the  distance    g-  from  the  diametrical  centre,  the 

oscillating  centre  will  move  about  a  sphere,  which  has  a  volume,  propor- 
tioned to  that  of  the  solar  sphere,  as  1  to  9*. 

If  all  the  asteroids,  satellites,  comets,  meteors,  and  undiscovered  planets 
in  our  system  constitute  an  aggregate  equivalent  to  the  mass  of  Uranus, 
the  mass  of  the  sun  is  729  (— 9^)  X  the  planetary  mass,     (a.) 
729Xi  (— ^^)  solar  radii  =  distance  of  Mercury.     (6.) 
729X1  (—9*)      "        "   —  distance  of  farthest  asteroid,     (c.) 
•729X9  (—9*)      "        "   —  distance  of  Neptune,     (d,) 

Theoretical.  Observed.  Theoretical  Error. 

.0013584  +.009 

35,353,000  --.027 

312,388,000  —.008 

2,743,216,000  -^.017 


*  The  values  are  taken  from  Norton's  Astronomy. 


a 

.0013717 

b 

34,430,000 

c 

309,870,000 

^ 

2,788,833,000 
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FURTHER  APPROXIMATIONS  TO  THE  SUN'S  DISTANCE. 

By  Pliny  Earle  Chase. 

{Read  before  the  American  Philosophical  Society,  April  ^th,  1872.) 

If  it  be  time,  as  is  commonly  and  very  plausibly  supposed,  that  molecu- 
lar and  cosmical  laws  have  many  significant  analogies  which  are  yet  un- 
discovered, it  may  be  well  to  seek  for  such  analogies  wherever  we  may 
reasonably  hope  to  find  them. 

The  height  of  oscillation  which  I  have  assumed  as  the  measure  of  the 
igneous  energy  of  combustibles,  is  less,  and  the  resulting  estimate  of 
solar  mass  and  distance  is  greater,  if  the  combustible  is  dense,  composite, 
or  of  small  specific  heat,  than  if  it  is  rare,  simple,  or  of  great  specific 
heat.  It  seems  likely  that  even  hydrogen,  the  most  volatile  of  all  known 
substances,  may  have  undergone  some  condensation  and  loss  of  specific 
heat,  and  that,  therefore,  my  first  estimates  by  flame  analysis*  were  all 
slightly  in  excess.  This  opinion  is  the  more  probable,  from  the  fact  that 
the  mean  of  the  most  recent  astronomical  estimates  of  solar  distance,  is 
nearly  one  per  cent,  less  than  the  mean  of  the  flame  estimates. 

In  searching  for  some  clue  to  the  coefficient  of  condensation  in  hydrogen, 
if  we  accept  the  hypothesis  that  the  luminifei^ous  aether  is  a  perfectly 
elastic  material  medium,  we  may,  perhaps,  be  able  to  detect  some  im- 
portant relations  between  the  velocity  of  luminous  or  thermal  undulations, 
and  the  velocity  of  oscillations  which  are  directly  traceable  to  gi-avitating 
action.  In  the  primary  radiation  and  subsequent  double  concentration 
of  exploding  hydrogen,  there  is  not  only  a  joint  atti*action  of  the  gaseous 
particles  for  each  other  and  of  the  whole  for  the  earth,  but  there  is  also 
a  generation  of  luminous  vibrations,  wath  a  velocity  such  as  would  be 

produced  by  a  gi-avitating  force  ^r  =  _    _    .    Equivalent  velocities  may  be 

generated  by  masses  of  different  magnitudes,  provided  the  motion  is 
orbital  with  radii  vaiying  as  the  masses,  or  the  fall  is  virtually  continued 
to  the  centre  from  heights  equivalent  to  twice  those  proportionate  i*adii. 
With  these  preliminary  considerations  I  invite  attention  to  the  following 
coincidences  : 

1.  At  the  centre  of  oscillation  of  the  extreme  excursion  of  exploding 
II  oO  before  its  fall  towards  the  centre  of  condensation,  (§  of  1009.877 
miles  from  the  commencement  of  the  fall,  or  iX  1009.877—336.626  miles 
above  the  earth's  surface, )  the  velocity  imparted  by  ten-estrial  gravity  in  one 
/32.0894377X31558150  /3962.818- 336.626\  J  .«.  .o^  .,  \ 
yearly 5280     "  -^1-3962.818-)      ^  184,130  nnles  j 

would  be  closely  coincident  with  the  velocity  of  light.  If  the  coincidence 
is  exact,  rj  (the  Sun's  distance)  is  497.827X184,130=^91,665,370  miles. 

The  value  of  h  con-esponding  to  this  distance  y  — -  -  573.099  mile^, 
which  is  1.0215  times  the  experimental  7i  (561.043  m). 

•  Ante.  p.  395. 


Digitized  by 


Google 


2.  In  consequence  of  the  equality  of  velocities  at  rj  and  Tiq,  t  (the  time 

3 

of  revolution)  a  A.  If  the  mass  (®^D)-^S1,  (f|)^Xo61.043--571.436. 
In  other  words,  the  actual  :  the  experimental  value  of  A  : :  the  virtual  time 
of  revolution  of  the  Earth's  centre,  relatively  to  the  Moon  :  the  virtual 
time  of  revolution  of  the  centre  of  gravity  of  the  Earth  and  Moon.     If 

tr      fg' 
this  proportionality  is  exact,  the  value  of  rj  is —   \'27i  ~  91? '798, 500 

miles. 

3.  The  greatest  distance  of  the  Moon  from  the  Earth  is  about  63r,  and 

h  1 

^7  «~is  nearly  equivalent  to  -y,  If  this  equation  is  exact  A-- 571.25  ; 

,^=.91,813, 400. 

4.  The  velocity  acquired  by  falling  through  7i,  from  the  distance  r+A, 
is  nearly  a  mean  proportional  between  the  velocities  of  ten-estrial 
rotation  and  revolution.  If  A:^569.363,  5^=91,965,500  and  the  hourly 
velocity  of   revolution   is    2X3.14135X91,965,500 --8766.153=- 65,911.7 ; 

A-l-7' 

3600Xv2^A-f-         —8,280.6,   which  is  a  mean    proportional    between 

65,911.7  and  1,040.3.  I  can  find  no  indication,  in  any  of  the  planets  or 
satellites,  of  a  greater  rotation- velocity  than  is  thus  indicated,  and  as  it  is 
difficult  to  conceive  the  possibility  of  such  a  velocity,  I  am  inclined  to  re- 
gard this  as  the  upper  limit  of  possible  value  for  yj^  and  to  believe,  there- 
fore, tliat  the  Sun's  mean  distance  cannot  be  gi*eater  than  91,965,500 
miles. 

/  A^  \ 

5.  If  we  take  h'  a  third  proportional  to  r  and  h  Ui'—^^  )  the  vis  viva 

of  rotation  of  an  elastic  particle  at  the  Earth's  sui-face  :  the  vis  viva  at 
A'  : :  the  force  of  gravity  at  h'  :  the  force  of  gravity  at  the  Earth's 
surface  : :  the  velocity  of  light  :  the  velocity  which  would  be  communicated 
by  superficial  gravity  in  one  sidereal  year. 


{Hh'y 


• .  497.827rX^'v  ^9    — 


V 


h 


If /a=573.967,v  =-6.90425;  A'  -83.1323  ;  LJ—L^  683,279.4  ; 

'*  ^  I  h 

rj    91,595,960. 

We  thus  obtain  ^\q  independent  determinations,  each  of  which  is  based 
upon  considerations,  some  of  which  are  necessary  resultants  of  known 
mechanical  laws,  while  others  are  expressive  of  actual  circumstances  of 
equilibrium,  the  greatest  difference  between  any  two  of  the  results  being 
less  than  one-half  of  one  per  cent.  The  experimental  determination  from 
the  combustion  of  hydrogen  (1),  which  differs  less  than  one-hundredth  of 
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one  per  cent,  from  Hansen's  estimate,  and  only  one  twenty-fifth  of  one 
per  cent,  from  the  mean  of  all  the  estimates,  may,  perhaps,  be  reasonably 
regarded  as  entitled  to  the  greatest  weight.  The  narrow  compass  within 
which  they  are  all  embraced,  and  the  close  approximation  to  the  mean  of 
the  best  astronomical  computations,  may  be  seen  in  the  following  table : 

Newcomb  (mean  of  two  estimates) 92,266,000 

TERRESTRIAL  ROTATION  (upper  limit) 91,965,500 

LUNAR  DISTANCE 91,813,400 

LUNAR  MONTH 91,798,500 

MEAN  OF  MECHANICAL  ESTIMATES 91,767,736 

Stone  (mean  of  two  estimates) 91,738,500 

Hansen 91,672,000 

HYDROGEN  EXPLOSION  (1) 91,665,320 

Mean  of  Astronomical  Estimates 91,636,300 

VELOCITY  OF  LIGHT 91,595,960 

Leverrier 91,329,000 

Winnecke 91,186,000 

Is  it  possible  that  there  can  be  anything  deceptive  in  these  figures, — 
that  any  bias  of  imsuspected  prejudice  may  have  blinded  me,  or  that  I 
have  been  misled  by  mere  fortuitous  resemblances?  The  question 
whether  there  is  not  some  conception  of  force  which  will  unify  centrifugal 
and  centripetal,  luminous,  thermal,  and  gravitating  action,  is  continually 
recurring;  the  accordance  of  Faraday's  "lines  of  force"  with  lines  of 
perfect  fluidity,  and  the  fundamental  equation  of  oscillation,  favor  an 
afl&rmative  answer ;  the  increasing  popularity  of  the  theory  that  matter 
is  nothing  but  force,  prepares  the  way  for  every  conceivable  approxima- 
tion and  identification  of  molar  and  molecular  laws. 

If  the  undulations  of  light  have  any  influence  upon  the  gravity  of 
bodies,  the  velocity  of  light  being  nearly  uniform,  its  influence  should 
tend  to  communicate  a  velocity  as  nearly  like  its  ovm  as  gravity  and 
inertia  will  allow,  a  tendency  which  is  presumably  most  manifest  in  the 
most  tenuous  forms  of  matter.     The  gravitating  velocity, 

r  1         — 

— TT-i/ 25^71  oc  — ^-rr'i^2mh,  being  a  maximum  when  Tq^A  and  Aam^ 
r-\-h  r-\-n 

it  does  not  seem  unreasonable  to  look  for  analogies  between  the  extreme 

excursions  of  planets,  satellites  and  gases,  or  between  times,  velocities, 

and  living  forces,  in  the  direction  of  that  maximum. 

GENERAL  RELATION  OF  AURORAS  TO  RAINFALL. 
By  Pliny  Earle  Chase. 
{Read  before  the  American  Philosophical  Society ,  April  5^/t,  1872.) 
In  oixler  to  ascertain  if  the  parallelism,  which  I  have  pointed  out  be- 
tween the  daily  rainfall  and  the  frequency  of  auroras,  can  be  traced  in  the 
annual  curves,  I  have  constructed  the  following  table  of  normals,  firom 
data  furnished  by  Lovering's  Catalogue  of  Auroras,  and  Loomis^s  Meteor- 
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ology.  The  tendency  to  increase  of  auroras  in  clearing  weather,  and 
<iiminution  in  falling  weather,  is  shown  in  the  Auroral  and  Pluvial 
^General  Means : 

Auroras.  Rainfall. 


il 

It 

Id 

p 

r 

Jan. 

89 

96 

107 

97 

78 

97 

116 

97 

Feb. 

100 

107 

125 

111 

75 

95 

103 

91 

March, 

112 

112 

136 

120 

75 

100 

93 

89 

April, 

107 

103 

116 

109 

83 

106 

89 

93 

May, 

90 

86 

73 

83 

105 

107 

87 

100 

June, 

84 

77 

42 

68 

129 

106 

84 

106 

July, 

92 

85 

45 

74 

141 

103 

84 

109 

Aug. 

109 

103 

79 

97 

138 

97 

89 

108 

•Sept. 

120 

118 

119 

119 

119 

92 

101 

104 

Oct. 

118 

117 

133 

123 

96 

94 

113 

101 

Nov. 

96 

103 

120 

106 

82 

102 

120 

101 

Dec. 

81 

93 

105 

93 

80 

103 

122 

102 

INFLUENCE  OF  METEORIC  SHOWERS  ON  AURORAS. 

By  Prop.  Pliny  Earle  Chase. 

{Bead  before  the  American  Philosophical  Society,  May  IWi,  1872.) 

Professor  Lovering*s  discussion  of  the  periodicity  of  the  Aurora  Borealis 
((Trans.  A.  A.  S.  Vol.  X.,  Part  I.),  not  only  exhibits  maxima  and  minima 
of  frequency  at  periods  corresponding  to  general  minima  and  maxima  of 
rainfall  (see  above),  but  it  also  furnishes  evidence  of  a  tendency,  in  other 
great  atmospheric  disturbances,  to  increase  auroral  displays. 

In  preparing  the  following  table,  I  first  took  the  second  means  of 
Lovering's  Table  LII.  (containing  10316  auroras,  arranged  according  to 
their  frequency  on  each  day  of  the  year).  After  grouping  the  results  in 
five-day  periods,  I  calculated  the  ratio  of  each  ordinate  to  a  mean  ordinate 
of  100.  Against  each  ordinate  which  corresponds  to  a  supposed  meteoric 
period,  I  set  the  initial  K.  (Kirkwood's  "Meteoric  Astronomy"),  or  W. 
(Wolf,  cited  by  Lovering,  p.  221). 
-A.  P.  8.— VOL.  XII.— 2y 
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Comparative  Table  op  Auroral  and  Meteoric  Displays. 


Jan. 

3,  110  K., 

8,  now. 

13,  114 

W. 

Mar. 

19,  144 
24,  138 
29,  138  W. 

June 

2,  44 
7,  44  W. 
12,  41 

kVLg 

16,    76 
21,    88 
26.    95 

Oct, 

30,  126 
.4,  120 
9,  121  W. 

18,  1L3 

Apl. 

3,  1-33 

17,  35 

31,  102 

14,  129  K., 

W. 

23,  110 

8,  130  W. 

22,  31 

Sep 

5,  112 

19,  127  W. 

28,  111 

13,  131 

27,  36 

10,  123  W. 

24,  113 

Feb. 

2,  113  W. 
7,  116  W. 
12,  125 

18.  118K.,W 
23,    94  K. 
28,    79 

July 

2,  40 
7,  46 
12,  44 

16,  131  W. 
20,  138 
26,  142 

Dec. 

29,  109  K., 
4,  115  W. 
9,  122  K. 

W. 
W. 

17,  133  K., 

W. 

May  3,    76 

17,  40  W. 

30,  139  W. 

14,  127  K. 

w. 

22,  134 

8,    66 

22,  39  K. 

Oct 

5.  133  W. 

19,  125 

27,  132  W. 

13,    61 

27,  46  K., 

W. 

10,  129 

24,  114 

Mar 

4,  129 
9,  133 
14,  145 

18,    67 
23,    51 
28,    47 

Aug. 

1,  49  K., 
6,  61  K. 
11,  60  K. 

W. 
W 

w 

15,  129  K, 
20,  133  K. 
26,  132 

29.  Ill 

The  table,  as  well  as  the  accompanying  curve,  exhibits  the  following 
peculiarities : 

1.  The  principal  maxima  occur  near  the  equinoxes,  and  are  apparently 
due  to  the  favorable  position  of  the  earth  for  the  development  of  circulat- 
ing electric  currents. 

2.  There  is  an  evident  grouping  of  meteoric  displays  in  the  vicinity  of 
the  maxima  and  minima. 

3.  The  grouping  is  more  strongly  marked  upon  the  ascending,  than  on 
the  descending  sides  of  the  inflections. 


'" 

A 

^ 

h 

/I 

^ 

.'.C.C. 
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«.«...-. 

i 
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\ 

A 

7.1 

\ 

/ 

f 

5« 

V 

/ 

^AN. 

rr». 

MAR. 

ACHU 

% 

V 

<^ 

SF.P7. 

S^T: 

Mvr. 

l>LC. 

4.  The  principal  secondary  maxima  (in  February,  October,  November 
and  December),  exhibit  the  most  striking  accordance. 

5.  Nearly  all  of  the  apparent  exceptions  to  this  general  accordance  are 
occasioned  by  the  rapid  decline  of  the  general  curve,  which  is  so  great  as 
to  veil  the  subordinate  maxima,  when  five-day  means  are  taken. 

Of  all  the  meteoric  oixiinates  suggested  by  Kirkwood,  including  those 
which  he  regards  as  doubtful,  three  correspond  with  auroral  minima, 
^ight  with  increasing  auroral  displays,  two  with  maxima,  and  only  two 
with  ordinates  of  diminishing  auroral  frequency.     The  two  exceptional 
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ordinates  become  normal  if  we  examine  the  daily  cui-ve  of  second  means,, 
which  shows  subordinate  maxima  on  April  19th  and  April  24th. 

Of  the  meteoric  ordinates  suggested  by  Wolf,  four  correspond  with 
minima,  nine  with  ascents,  seven  with  maxima,  and  six  with  descents  in 
the  auroral  curve.  Of  the  six  apparently  abnormal  ordinates,  only  two, 
those  of  March  31st  and  Nov.  19th,  are  on  descending  inflections  of  the 
auroral  daily  curve  of  second  means. 

There  seems,  therefore,  good  reason  to  look  for  an  increase  of  auroral 
displays,  soon  after  every  meteoric  shower. 


PLANETARY  ILLUSTRATIONS  OF  EXPLOSIVE  OSCILLATION. 

By  Pliny  Earle  Chase. 

{Bead  before  the  American  Philosophical  Society,  May  16^//,  1872.) 

The  secondary  centre  of  gyration  in  an  exploded  gas,  on  its  return 

57a 
towards  the  centre  of  gaseous  mass,  being,  as  I  have  shown,  at—  - 

(/i  representing  the  extreme  excursion  consequent  on  the  explosion),  we 
may  reasonably  expect,  by  reftiTing  the  planetary  masses  to  similar 
primary  and  secondary  centres,  to  obtain  evidence  relative  to  the  proba- 
bility of  the  hypothesis  of  molar  and  molecular  correlations.  Whether  the 
nebular  hypothesis  be  time  or  false,  the  planets  are  oscillating  under  the 
combined  action  of  centrifugal  and  centripetal  forces.  In  their  continual 
virtual  fall  towards  the  Sun,  they  are  subject  to  such  disturbances  as  arise 
from  their  mutual  interaction,  and  should,  therefore,  tend  to  arrange 
themselves  somewhat  like  the  particles  of  an  exploded  gas.  I  submit  the 
following  exemplifications  of  such  a  tendency,  the  calculations  being 
generally  based  upon  the  hypothesis  that  the  planets  are  either  in  con- 
junction, or  nebulously  diffused  along  the  entire  line  of  their  orbits. 

1.  Mercury  is  near  tlie  theoretical  mean  excursion    (—  )    of  the  centre 
of  gravity  of  the  intra-asteroidal  belt  of  planets. 

Mercury*      3iX  .3871-=  1.2903 
Venus  2r)X  .7233-^18.0832 

Earth        31.^5X1.        =-31.85 
Mars  3iXl.o237==  5.079 


63.52X  .8864    56.3025 

.}X.8864=.4924  from  the  centre  of  gi-avity,  or  .3940  from  the  Sun,  the 
true  distance  being  .3871 ;  5|if-=1.0178. 

2.  The  actual  eccentricity  of  Mercury's  orbit  :  the  theoretical  eccen- 
tricity if  the  oscillation  were  refen-ed  primarily  to  the  intra-asteroidal 

*  The  values  of  the  astronomical  elementH  are  taken  from  Norton's  AKtronomy,  unless 
otherwise  stated. 
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centre  of  gravity,  nearly  : :  the  actual  :  the  theoretical  mean  excursion 
from  that  centre  of  gravity. 

Theoretical  eccentricity,  2X(f — J)— I ;  . 20551 5 --|— .92482. 
(.8864-.3871)^J— .89874 ;  fffff— 1.029.     . 

3.  Neptune  is  near  the  theoretical  explosive  centre  of  the  centre  of 
gravity  of  the  three  exterior  planets. 

[2847.4X9.5394-416.7X19.182639+532.5X30.037]-- 

[2847.4+416.7+532.5]  -13.472 ;  13.472-5-(l— 1)=:30.312  ; 

30.312-f-30.037 -=1.009 

4.  Neptune's  orbital  centre  of  oscillation  is  near  the  orbit  of  Uranus.  ' 

S  of  30.03697-20.02465;  ?^^  =1.0439. 

5.  The  orbital  centre  of  oscillation  for  Uranus,  is  near  the  centre  of 
gravity  of  the  three  exterior  planets.  The  mean  orbital  radius  of  Uranus 
is  about  twice  that  of  Saturn. 

13.472  (See  No.  3)  ^(JX 19. 182639)^-1. 05345.  ' 

6.  The  theoretical  mean  excursion  for  an  explosion  from  the  Sun  to 
Uranus,  is  near  the  centre  of  gravity  of  Uranus  and  Saturn. 

I  of  19.18264  -10.657;  (2847.4X9.539+416.7X19.18264)^(2847.4+416.7)=^ 
10.7697;  10.7697-^^10.657^1.0106. 

7.  The  theoretical  mean  excursion  for  an  explosion  from  the  Sun  to 
Saturn,  is  near  the  orbit  of  Jupiter. 

I  of  9.539-5.299  ;  5. 299 --5.203=1. 018. 

8.  The  centre  of  gravity  of  Jupiter  and  Saturn  is  near  Saturn's  orbital 
centre  of  gyration. 

(1X9.538852)-?-  (  Htlt^  X^. 33605 +5. 2028)  =-  1.0226. 

9.  The  theoretical  mean  excursion  from  Jupiter  to  the  Sun,  is  near  the 
inner  limit  of  the  asteroidal  belt. 

(1  -f)X5.2028--:2.31236 ;  2.31236-5-2.2014--1.05. 

10.  The  centre  of  gyration  of  Jupiter's  orbital  radius  is  near  the  exterior 
limit  of  the  asteroidal  belt. 

}  of  5.2028--3.4686  ;  3. 4686 -r-3. 4205 --1.01406. 

11.  If  all  the  known  primary  planets  were  aggregated  at  Jupiter's 
orbital  centre  of  gyration,  the  centre  of  gravity  of  the  solar  system  would 
be  near  the  Sun's  surface. 

3.4686X214.86-745.248 ;  759.46^745.284—1.01908. 

12.  The  centre  of  oscillation  for  the  exterior  asteroid,  is  near  the  orbit 
of  the  inner  asteroid. 

}  of  3.4205-2.2803 ;  2.2803-2.2014-1.03584. 

13.  The  centre  of  oscillation  for  the  theoretical  inner  asteroid,  is  near 
the  orbit  of  Mars. 

§  of  2.2803-1.5202;  1. 523691 --1. 5202 -1.0023. 

14.  The  centre  of  oscillation  from  Mars  to  the  Sun  is  near  the  orbit  of 
the  Earth. 

I  of  1.5237  -rl.0158. 
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15.  The  theoretical  mean  excursion  from  Mars  to  the  Sun,  is  near  the 
orbital  centre  of  oscillation  for  the  Earth. 

(1— f  )X1.5237=.6772  ;  .6772-j-.6667=1.0157o. 

16.  The  theoretical  mean  excursion  from  the  Sun  to  the  Earth  is  nearly 
midway  between  the  orbits  of  Mercury  and  Venus. 

(.3871+.7233)^2-=.5552  ;  f^-. 5552=1. 0006. 

17.  The  theoretical  mean  excursion  from  Mars  to  the  Sun,  is  near  the 
centre  of  gravity  of  Venus  and  Mercury. 
(3iX.3871+25X.'7233)^(3H25)-:.6838;  .6838-r-.6772  (See  No.  15)  =1.01. 

18.  The  theoretical  mean  excursion  from  the  Earth  to  the  Sun^ 
is  near  the  extreme  excursion  or  aphelion  of  Mercury. 

.4666--(l— 1)=1.05. 

19.  The  theoretical  mean  excursion  from  Venus  to  the  Sun  is  nea 
Mercury's  perilielion. 

(1— t)X.'72333=.32148 ;  .32148-f-. 3075=1.04542. 

20.  The  theoretical  mean  excursion  from  Mercury  to  the  Sun  is  near 

the  limit  of  the  Sun's  possible  atmosphere  (the    limit  at  which  the 

equatorial  centrifugal  force  is  equal  to  gravity). 

f 
[(1_5)X.3871]  X365.2564=26.065;*  26.065^-25.187=1.035. 

21 .  If  the  several  planets  were  aggregated  precisely,  as  they  are  ap- 
proximately, at  direct  or  reverse  centres  of  oscillation,  the  centre  of  in- 
ertia of  the  entire  planetary  system  (j/^wr^-j-Iw)  would  be  near  the 
orbit  of  Saturn. 

(3iXl^+?5X22-f31.85X32+3JX42-f9307X182-h2847.4X272+416.7X 

542 -f532.5X812)^(3i-r  25+31.85+3^+9307+2847.4+416.7+532.5)= 

27.282 ;  27.28-=-27=1.0104. 

22.  Notwithstanding  the  variations  from  centres  of  oscillation,  con- 
sequent upon  mutual  planetary  interactions,  the  centre  of  planetary 
inertia  is  still  near  the  orbit  of  Saturn. 

Jwr2(l,150,671,134)-- vm(13167.12)=9.3482  ;  9.5389^-9.348=1.0204. 

23.  The  distance  of  the  Moon's  orbital  centre  of  oscillation  from  the 

centre  of  the  Earth,  is  very  nearly  a  mean  proportional  between  the  limit 

of  the  Earth's  possible  atmosphere  and  the  Moon's  orbital  radius. 

§ 
(J)2  of  238,800=26,533;  (24--1.40937)  X 3962. 818  =26, 230  ; 

26,533-r-26, 230=1.01155. 

24.  The  vis  viva  of  revolution  at  the  Earth's  surface  :  the  equatorial 
vis  viva  of  rotation,  nearly  : :  Earth's  orbital  radius  :  twice  Moon's  radius 
of  orbital  gyration. 

(17,066-^1040.3)2--(91,328,000H-^^^?^i^)=  1.00545 


*  The  approximate  coincidence  of  this  period  with  Hornstein's  magnetic  cycle  (26>^  days. 
Vienna  Academy,  June  15,  1871)  is  noteworthy. 
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SOLAR  AND  PLANETARY  ROTATION. 

By  Pliny  Earle  Chase. 

{Read  before  th€  Attierican  Philosophical  Society,  May  10^*,  1872.) 

The  similarity  in  the  length  of  day,  between  the  principal  and  sul>- 
ordinate  planets,  both  in  the  intra  and  the  extra-asteroidal  belt,  is  so 
obvious,  that  many  attempts,  of  which  Kirkwood's  is  the  most  satisfactory, 
have  been  made  to  formulate  it. 

I  have  long  thought  that  there  is  some  simple  explanation  for  tlie 
rotation,  as  well  as  for  the  revolution  of  the  heavenly  bodies.  My  recent 
investigations  of  explosive  gyration,  have  yielded  some  interesting  results, 
which,  from  their  relation  to  the  most  important  bodies  of  our  system, 
encourage  me  to  hope  for  further  and  more  minute  developments  of  a 
like  kind. 

1.  The  sidereal  revolution  of  the  Moon  :  the  sidereal  rotation  of  the 
Earth,  nearly  : :  the  equatorial  value  of  g  at  the  Sun  :  the  equatorial 
value  of  g  at  the  Earth. 

27.3669^27.292 -=1.00275. 

2.  The  action  of  terrestrial  superficial  gravity  against  a  uniform 
opposing  force  for  a  sidei*eal  half-day,  would  be  sufficient  to  give  a 
velocity  equivalent  to  that  of  a  planet  near  the  Sun*s  surface. 

43, 082fir- 261.8164  miles;  265.5184  :  261.8164-1.01414,  whicli  is  nearly 
equal  to  1  ^  the  Earth's  orbital  eccentricity. 

3.  The  action  of  the  superficial  gravity  of  Jupiter  for  a  sidereal  ludf- 
rotation,  would  also  be  sufficient  to  give  a  velocity  equivalent  to  that  of 
a  planet  near  the  Sun's  surface. 

18,863X2.41^-276.247;  276.247-265.5184  1.0406;  which  is  nearly 
equal  to  If- Jupiter's  orbital  eccentricity. 

4.  The  action  of  solar  superficial  gravity  for  a  sidereal  half-rotation, 
would  give  nearly  the  velocity  of  light. 

i  of  25.1868X86,400^     180,465  ;  183,454  :  180,465     1.0166. 

5.  The  action  of  terrestrial  gravity,  near  the  Earth's  surface,  for  a 
sidereal  year,  would  also  give  a  velocity  equivalent  to  that  of  light. 

31,558, 150fir^  191,792;  191,792^183,454^1.04545,  which  is  nearly  equal 
to  1-f- Jupiter's  orbital  eccentricity. 

6.  The  orbital  radius  of  Saturn  :  Mercury's  orbital  radius,  nearly  : :  time 
of  solar  rotation  :  time  of  terrestrial  rotation. 

9.53885  .-.3871     24.642;  25.187^24.642-^1.0221. 

7.  The  distance  of  Neptune  from  the  Sun,  is  nearly  equivalent  to  one- 
fourth  the  orbit  of  Uranus. 

J?i~.  30.037     1.00233. 

« 

8.  The  mass  of  the  Sun  :  the  mass  of  the  Eaitli,  nearly  : :  cube  of 
Earth's  orbital  radius  :  cube  of  Sun's  semi-cii*cumference. 

(214.86 -:-::)»  -319,894  ;  319,894  v  314,000  ~  1.01 878. 


Digitized  by 


Google 


1872.]  ^^*  [Ohase. 

9.  The  velocity  of  planetary  revolution  at  the  Sun's  surface  :  velocity 
of  solar  rotation,  nearly  : :  Earth's  orbital  radius  :  Sun's  radius. 

955,870-?-4,421.7-=316.173 ;  216.173-^314.86^1.00613. 

10.  The  square  of  Jupiter's  orbital  radius  :  square  of  Earth's  orbital 
radius,  nearly  ; :  ^  at  Sun  :  g  at  Earth. 

27.393^5.20282^1.00824  (Compare  No.  1). 


ETHEREAL  DENSITY  AND  POLARITY. 

By  Puny  Earle  Chase. 

{Bead  before  the  Ainerican  Philosophical  Society y  May  IWi,  1872.) 

If  the  conditions  of  equilibrium  in  a  perfectly  elastic  gas  have  been 

disturbed  by  explosion,  in  the  restoration  of  equilibrium,  the  particles 

will  simultaneously  rush  towards  each  other,  and  towards  the  attractive 

centre  m.    If  h  is  the  extreme  excursion  cdhsequent  on  the  explosion, 

2h 
the  centre  of  oscillation  of  each  exploding  particle  being  at  —^ ,  the  centre 

3 

of  gyration  of  its  return  towards  the  centre  of  gaseous  mass   (  -q"*)    is  at 

— — .     The  centre  of  gyration  of  the  fall  from  -— -  to  the  Earth,   is  at 
y  9 

-^Y"  al>^ve  the  Earth's  surface,  or  at  r-| — ^;:r  from  the  Earth's  centre. 

If  h  :  r-{ — 5;r-  : :  the  orbital  vis  viva  about  a  diameter  — ^  :  the  vis  viva 
which  would  be  communicated  by  virtual  fall  through  — ^  : :  1  :  4,  we 
have  27r-=1037i ;  -^=(^'^577.113  miles ;  ^'==91,345,800  miles  ;  -^  = 
6.8666;  i/2^^6103  feet  per  second.     The  approximation  of  the 


estimated  velocity  of  hydrogen  (6050,  Clausius;  6055,  Joule)  to  this 
theoretical  velocity,  seems  to  indicate  that  the  elasticity  of  hydrogen  is 
nearly  perfect.  The  inference  is  strengthened  by  the  close  approxima- 
tion of  my  first  estimates  by  flame  analysis,  to  the  mean  of  the  best 
astronomical  estimates  of  the  Sun's  distance. 

Let  d'=density  of  luminiferous  aether ;  (?"— density  of  hydrogen. 
Calling  the  velocity  of  sound  in  hydrogen  4163  feet,  and  the  velocity  of 
light  183,454  miles,  if  the  elasticities  are  the  same  we  have  the  proportion, 
d'  :d"  i\  41682  :  (183,454X5280)2  : :  1  :  54,130,000,000. 

Upon  the  hypothesis  that  gravitation  is  an  incidental  result  of  sethereal 
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elasticity,  Professor  Noi-ton  has  found*  that  **at  the  distance  80r  the 
repulsion  becomes  very  nearly  the  same  for  all  the  assumed  values  of 

-       ;"  n  and  m  being  centres  of  origination  for  the  interior  and  exterior 
m 

wave  systems  of  the  sethereal  atomic  envelopes.    Now  if  r^Sun's  radius, 

and  r'  -  -Merciu'y^s  orbital  i*adius,  r'  is  nearly  equivalent  to  SQrXCsec.  3(P) 
The  second  factor  may  be  deduced  in  the  following  manner : 

If  we  suppose  a  collection  of  spherical  atoms  of  equal  magnitude,  each 
of  which  has  condensed  around  it  an  8ethei*eal  envelope,  to  be  arranged 
in  the  most  compact  manner  possible,  the  lines  joining  the  centres  or 
three  contiguous  particles  will  form  an  equilateral  triangle.  If  the 
envelope  is  of  such  density  as  to  allow  the  indefinite  rectilinear  trans- 
mission of  waves  between  adjacent  particles,  one-half  the  distance 
between  the  centres  of  two  adjacent  atoms,  will  be  a  mean  proportional 
between  the  radius  of  the  atom  and  the  distance  between  an  atomia 
centre  and  an  adjacent  sethereal  centre  ;  the  ratio  of  the  atomic  radius  to 
the  half-distance,  and  of  the  half-distance  to  the  inter-central  distance, 
being  each  equal  to  the  ratio  of  radius  to  sec.  3(P.  In  the  accompanying 
figure, 


AB  :  AC  : ;  AC  :  AD  : :  rad.  :  sec.  30O  : :  1  :  y  1.25. 

According  to  the  hypothesis  of  Mossotti,  that  the  {ethereal  particles  are 

infinitesimal  in  proportion  to  the  atoms,  the  sphericity  of  the  atomic 

surface  may  be  disregarded,  and  the  virtual  radius  of  the  aethereally- 

enveloped  atom  may  be  supposed  to  vary  as  the  mass.    But  in  atoms  of 

*  Amer.  Jotir.  6d.,  May,  1872,  p.  340. 


Digitized  by 


Google 


1872.]  409 

I 

uniform  density,  i^ocm  ,  therefore  it  need  not  surprise  us  if  \v« 

diflPerent  relations  of  cosmical  masses,  the  three  factors,  sec.  30^,  (se 

(sec.  30-) 

1.  Mercury's  orbital  i-adius  being,  as  I  have  said,  r'  «=  80?'X(se 

3* 

Neptune's  orbital  radius  is  80-/-,  or  SOr'~  (sec.  30^^) 

[80rX(sec.  30^)  j^  (.3870987X214.86/')— 1.00136. 
(30.03697  X  314. 86r)--6400r— 1.0084. 
H.  The  distance  of  the  exterior  orbital  limit  of  the  asteroi< 
(Cybele)  is  nearly  a  mean  proportional  between  the  distances  of  '. 
and  Neptune.  ^ 

(.3870987x30.03697)  ^  3.4205-=1.0031ir.. 

3.  If  the  Moon's  mass  is  ^rr^.^^of  the  Earth's  mass,  her  dis 

analogous  to  that  of  Mercury,  being  80 X  (sec.  30^)  xthe  distanc    i 
Earth's  centre,  from  the  centre  of  gravity  of  the  terrestrial-lunar    , 
The  mean  of  five  recent  estimates  of  the  Moon's  mass,  given  by  I 
,         1 
'''  83.137* 

83.137  ^  83.033—1.001156. 

4.  The  year  of  Mercury  :  Neptune's  year  : :  the  velocity  of  a 
near  the  Sun's  surface  :  the  velocity  of  light,  or  nearly  : :  sec.  3 
iiiajis  of  the  planetary  system  :  the  mass  of  the  Sun. 

(60126.73^  87.969358)  -  (183,454  -265.5184)-.1.01088. 
(60136.73Xsec.  30OW  (87.969358X759.46)— 1.00617. 

5.  Venus  may  be  regarded  as  an  exterior  satellite  of  the  Ear1 
limit  analogous  to  that  of  the  solar  system.  For  80 ^x Earth's 
nearly— Venus' s  distance  at  perigee. 

802  X3963.818— 35,363,050  .  25,363,050  -  35, 368, OCO— 1.0037. 

i 

6.  The  year  of  Uranus  divided  by  (sec.  30^'^  ,  is  equivalent 

mcmth  of  a  terrestrial  satellite  near  the  perigee  distance  of 
(omitting  considerations  dependent  upon  solar  acceleration  and  si 
mass).  i^  ^ 

(35,368,000  .•  238, 800) "X  37. 33166X1  sec.  30^)    -  30,686.831=1.0 

7.  The  mass  of  the  intra-asteroidal  planets  :  the  mass  of  all  the  i 

nearly  : :  Sun's  radius X (sec.  30'-;    :  Eai-th's  orbital  mdius. 

4 

(63.53  :  13167.13)  ^  [^sec.  30)    :  314.86]— 1.00131. 
My  experiments  in  the  years  1864  and  1865,*  the  most  impoi 
which  were  repeated  before  the  Society,  demonstrated  that  the 
mechanical  action,  of  such  elastic  vibrations  as  are  excited  by  tl 
jt>int  influence  of  solar  radiation  and  terrestrial  rotation,  would  n. 
pro<luce   polarity  in   a  nec('lc   susceptible  of  similar  vibrations, 

♦Proc.  Amer.  Philos,.  Soc.  ix..  :«i);  x..  1.11  «q(i. 
A.    P.    8. — VOL.    XII. — 2Z 
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would  also  cause  such  daily  and  annual  fluctuations  as  those  of  the 
magnetic  needle.  Professor  Noi-ton  says*  that  "no  conception  has 
hitherto  been  formed  of  possible  atomic  movements  capable  of  originatiug 
the  electric  forces,  and  producing  even  the  simplest  of  the  electrical 
phenomena."  The  dependence  of  the  polarity  of  the  compass  upon 
electrical  currents  encourages  the  belief  that  all  the  "possible  atomic 
movements  capable  of  originating  the  electric  forces,"  may  be  ti-aceable 
to  some  arrangement  of  elastic  sethereal  particles  like  the  one  I  have 
above  suggested.  The  mutual  attraction  of  the  atoms  A  and  E  is  only 
one-third  as  great  as  that  of  the  atoms  F  and  G,  and  under  the  influence 
of  centrifugal  force,  the  several  lozenges  AFEG  would  yield  most  readily 
in  the  direction  EG. 


THE  SUN-SPOT  CYCLE  OF  11.07  YEARS. 
By  Pliny  Earle  Chase. 

{Read  before  the  American  Philosophical  Society,  May  \Qth,  1872.) 

The  most  recent  and  careful  discussion  of  the  observations  upon  tlie 
amount  and  frequency  of  Sun-spots,  by  De  La  Rue,  Stewart  and  Loewy,  f 
assigns  to  the  principal  cycle  a  duration  of  11.07  years.  Kirkwood 
(ante,  vol.  xi.,  p.  100)  had  previously  given  nearly  the  same  esti- 
mate (11.072  years).  If  the  spots  are  attributable  to  disturbances 
produced  by  gravitating  action,  the  major  axis  of  the  revolving  dis- 

f 
turbing    force    should  be   [(11.07--11.862)  ]— .955XJupiter's,   or  4.969 

Xthe  Earth's  major  axis.     The  mean  radius  vector  of  i)erturbation  is,, 

therefore,   nearly    equivalent    to    Jupiter's    mean    perihelion  distance 

(.95184;^,  or  4.952®)  as  well  as  to  the  mean  distance  of   the  centre 

of  gyration  of  the  planetary  sytem. 

§X[(3iX.3871-h25X. 7233  +  31. 85X1  ^3JX1.5237 -r  9307X5.2028 -t2847.4X 
9.5389^416.7Xl9^1826i532.5X30.037)^(3i4-25-h31.85-f3J-h  9307 -^3847.4 
1416.7+532.5)]— 5.101;  5.101-4.969—1.0265;  4.969^4.952—1.0035. 

The  theoretical  mean  excursion  between  Jupiter's  perihelion  and  his 
mean  distance,  corresponds  very  nearly  with  the  above  value  of  the 
planetary  centre  of  gyration. 

4.952-fX(5.2028-4.952)— 5.091 ;  5.101^5.091—1.003. 

If  Jupiter's  aphelion  distance  represents  the  aphelion  distance  of  the 
aggregate  of  forces  which  produce  the  Sun-spots,  the  disturbance-peri- 
helion is  (2X.955  -1.048)— .862X  :U's,  or  4.485X©'s  radius  vector.  Thia 
corresponds  very  nearly  with  the  linear  centre  of  oscillation,  of  the  mean 

♦  Loc.  cit. ,  p.  330. 

tProc.  Roy.  Soc,  Dec.  21,  1871;  Phil.  Mag.,  May,  1872. 
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action  of  all  the  planets,  except  Jupiter,  npon  the  Sun's  surface.  Accord- 
ing to  the  values  adopted  in  Norton's  Astronomy,  (1— J)X(-^^^2wiS  > 
9,  e,  c?,  b,  S,  WH4.422;  4.485-4.432»=1.015. 

The  closeness  of  the  harmony,  pointed  out  by  Kirkwood,  between  the 
Wolfian  and  Mercurial  cycles,  is  very  interesting.  In  some  respects  the 
position  of  Mercury  is  more  nearly  jiivotal  than  that  of  either  of  the 
other  planets.     Its  centre  of  explosive  oscillation,  relatively  to  the  Sun, 

3 

is  near  the  limit  of  the  Sun's  possible  atmosphere.  (|X. 3871)2  y^ 
365.2564^25.187=1.036.  Its  mean  radius  vector  (.3871)  is  not  much 
greater  than  the  radius  of  the  centre  of  oscillation  (.3333)  of  the  Earth'* 
disturbing  action  upon  the  Sun.  That  centre  of  oscillation  is,  in  its  tumy 
near  the  centre  of  the  counterpoising  moments  of  inertia  of  the  Sun  and 
the  planetary  system.  For  3ft(d-.3333)2--Iwi=9.07762 ;  759.46^9.0776"^ 
=.32942;  .3333-^.3294=-1.012.  It  may  be  well  to  observe  that  this, 
approximation  is  nearly  identical  with  the  one  above  noted  (1.015)  be- 
tween the  virtual  centre  of  gravity  of  the  Jupiter-disturbing  planets,  and 
the  Sun-spot  disturbance-perihelion. 

In  order  to  form  an  estimate  of  the  extent,  to  which  circumstances 
favoring  the  generation  or  disturbance  of  {ethereal  waves  affect  the  amount 
of  spotted  surface,  I  would  suggest  a  preliminary  examination  of  ob- 
servations with  especial  reference  to  the  following  planetary  configura- 
tions : 

1.  When  the  Sun  is  near  the  linear  centre  of  oscill«»tion  (§)  of  two» 
planets  in  heliocentric  opposition :  e.  g,,  near  the  opposition  of  Mercury 
and  Venus,  especially  if  Mercury  is  about  60^  from  perihelion ;  of  Venus 
and  Mars,  when  Mars  is  about  40o  from  perihelion ;  of  Jupiter  and  Saturn, 
when  Saturn  is  near  aphelion ;  of  Saturn  and  Uranus. 

2.  When  one  of  two  planets  in  heliocentric  conjunction  is  near  a  linear 
ceiitre  of  oscillation  of  the  longer  radius  vector :  e,  g,y  near  the  conjunc- 
tion of  the  Earth  and  Mars  ;  of  Mars  and  Mercury,  if  Mars  is  near  peri- 
helion and  Mercury  near  aphelion ;  of  Jupiter  and  Mars,  if  Mars  is  near 
aphelion ;  of  Jupiter,  Saturn  and  Uranus,  (the  centre  of  gravity  of 
Jupiter  and  Satuni  being  at  about  |  of  the  distance  from  Uranus  to  the 
Sun) ;  of  Saturn  and  Neptune,  when  Saturn  is  near  aphelion  ;  of  Uranus, 
and  Neptune. 

3.  When  one  of  two  planets  in  heliocentric  conjunction  is  near  a  centre 
of  explosive  oscillation  (f ) :  e.  g.,  near  the  conjunction  of  Mercury  and 
Venus,  if  Mercury  is  at  somewhat  more  than  its  meau)  distainee  from  tl^e 
Sun  ;  of  Mercury  and  the  Earth,  if  Mercury  is  near  aphelion ;.  of  Mercuiy,. 
Venus,  and  the  Earth  or  Mars ;  of  Jupiter  and  Saturn. 

ETHEREAL  OSCILLATION,  THE  PRIMORDIAL  MATERIAL. 

FOR€E. 
By  Flint  Earle  Chase. 
(Reccd  before  the  American  Philosophical  Society^  July  19,  1872.) 
In  any  explosive  or  other  analogoos  action  along  a  given  diameter, 
cardinal  points  occur  at  ^  radius  and  |  radius  (—the  distance  from 
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radial  terminus  to  a  centre  of  explosive  oscillation),  at  J  and  |  (—dis- 
tance to  a  centre  of  linear  oscillation),  at  ^  (—distance  to  linear  centre 
of  gravity),  and  at  |  and  |  (—distance  to  a  centre  of  reverse  or  direct  ex- 
plosive oscillation).  The  various  possible  combinations  of  these  numbers 
favor  phyllotactic  and  other  systematic  arrangements  to  such  a  degree, 
that  the  very  wealth  of  planetary  illustration  becomes  burdensome  and 
perplexing,  and  the  attempt  to  trace  the  development  of  our  cosmical 
system  to  simple  laws  seems  almost  hopeless. 

If  the  primitive  disturbance  is  accompanied  (as  it  must  almost  neces- 
sarily be),  by  rotation,  the  ratio  1  :  9  assumes  special  importance,  inas- 
much as  it  represents  the  proportionate  distance  of  the  centre  of  rotation 
from  the  rotating  centre  of  explosive  oscillation.  Assuming  r— Sun's 
radius,  as  our  fundamental  unit,  we  are  at  present  unable  to  determine 
whether  there  is  any  peimanent  limit  at  9r,  that  point  being  within  the 
sphere  of  solar  atmospheric  retardation  ;  but  I  have  shown  in  my  com- 
munication of  March  1,  1872,  that  there  are  important  divisions, 

Near  O'-r,  the  inner  limit  of  the  planetary  system a 

Near  9^r,  the  dividing  mean  between  the  intra-  and  the  extra-aster- 

oidal  planets ^5 

Near  9V,  the  outer  planetary  limit y^ 

The  other  ratios  are  exemplified  by  the  positions  of 

Saturn  and  Neptune,  1  :3 S 

Earth  and  Mars,  2  :3 e 

Saturn  and  Uranus,  1:2 !^ 

Uranus  and  Neptune,  from  Saturn,  4:9 x 

Uranus  and  Jupiter,  from  Neptune,  4:9 0 

Jupiter  and  Saturn,  5  :  9 i 

I  do  not  find  so  much  evidence  of  the  marked  cosmical  iufiuence  of 

>  centres  of  linear  oscillation,  as  I  do  of  centres  of  direct  and  explosive 

4tT  4r 

•^oscillation.     The  positions  ^  and  9Xq,  are  both  within  the  sphere  of 

4/* 
retardation  ;  but  at  9"^X  ^— 36r,  we  are  near  the  centre  of  explosive  oscil- 

ilatiou  between  Mercury  and  the  Sun,  and  also  near  the  limit  of  the  Sun's 
j>ossible  atmosphere^*  which  is  probably  not  less  than  35.59r  (according 
to  Sporer's  estimate  of  the  time  of  solar  rotation),  and  not  greater  than 
37.22/'  (according  to  Hornstein's  estimate  of  the  26J  day  magnetic  cycle),  x 

4/' 
Near  9^X  Q~324r,  we  find  I  Ihj  |.hiiiet  Mars A 

4r 
*  *    9*X  -^  =3916/',  is  acentre  of  explosive  oscillation  between  Uranus 

u 

^nd  Saturn /» 

*  The  limit  of  equal  equatorial  ceutrifuffal  and  centripetal  force. 
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The  ratio  f  is  the  unit  factor  for  the  explosive  centres  of  oscillation  of 
a,  i3,  and  y. 

The  combined  ratios  of  direct  and  reverse  centres  of  oscillation,  f  Xt"" 
If,  determine  the  following  interesting  positions  : 

20r    20r 
Near  9X  o^  =  "tTj   is  the  centre  of  gravity  of  the  solar  system,   at 

heliocentric  conjunction* v 

20r 
Near  9'^X— -  =20r,  is  the  centre  of  explosive  oscillation,  between  the 
ol 

limit  of  solar  retardation  and  the  Sun's  surface ^ 

20r 
Near  9^X  q.-  =180r,  is  the  centre  of  gravity  of  Mercury,  Venus,  and 

ol 

the  Earth r> 

20r 
Near  9^X  q^-  =1620r,  is  the  centre  of  gravity  of  the  planetary  system,  n 

ol 

20r 
Near  9»X  QT-""14580r,  is  a  point  which  I  will  designate  as  the  reciprocal 
ol 

of  gravity  for  the  solar  system p 

If  the  centre  of  explosive  gyration  from  the  Sun    to  Neptune  be 

taken  as  a  unit,,  and  a  point  at  a  distance  of  9  of  those  units  =32805r  be 

regard  3d  as  the  seat  of  a  new  explosive  action,  the  point  p  is  near  the 

centre  of  explosive  gyration  towards  the  solar  system.     If  the  centripetal 

is  equal  to  the  radial  or  centrifugal  action,  and  if  gravity  is  a  resultant  of 

aBthereal  oscillation,  the  square  of  the  periodic  time  being  32  times  as 

great  as  the  square  of  the  time  of  fall  to  an  attracting  centre,  the  modulus 

of  light,  relatively  to  the  Sun,  should  be  32XiX 32805 ;'=466560r q 

The  closeness  of  this  estimate  is  shown  by  the  following  calculation  : 

log.  v"-  10.527057+ 

"    ^  at  Sun         T.219737 

''    light  mod.    11.307320 

**    r  5.628452 

"•    mod.--r         5.678868 

.  • .  modulus  of  light  =477384. 6r. 

The  half-modulus  is  the  height  of  virtual  fall  required,  during  orbital 

revolution  at  the  Sun's  surface,  to  acquire  the  velocity  of  light,  if    there 

were  no  asthereal  resistance.     Its  relation  to  three  cardinal  positions   in 

our  system,  is  expressed  in  the  following  proportion  : 

J  modulus  :  ^'s  rad.  vec.  : :  ©'s  rad.  vec.  :  Q's  rad. 

The  approximate  value  of  the  Earth's  radius  vector,  as  thus  determined, 

is  213.54r r 

*  Whenever  I  have  occasion,  in  the  pi'esent  paper,  to  speak  of  the  centre  of  gravity  of  two 
or  more  planets,  they  will  be  considered  as  in  heliocentric  conjunction,  and  at  their  moan  dis- 
tances from  the  Sun. 

t  The  values  of  the  astronomical  elements  are  taken  from  Norton's  Astronomy. 
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The  same  modulua-ratio  is  also  nearly  equivalent  to  the  ratio  of  the 
aggregate  extra-asteroidal,  to  the  aggregate  intra-asteroidal  planetary 
masses u 

If  Mercury  be  regarded  as  having  its  mean  distance  at  a  direct  ex- 
plosive centre  of  oscillation,  its  perihelion  distance  is  at  the  reverse  ex- 
plosive centre ^ 

The  combination  |X9=ff>  furnishes  the  following  planetary  positions. 

25;* 
IN^ear  9^X-^^  =225r,  is  the  centre  of  gravity  of  the  Earth  and  Mare.    ^ 

25r 
IS^ear  9*X-7pr==^^2^^»  ^^  the  orbit  of  Saturn <;> 

ol        • 

The  foregoing  approximations  are  embodied  in  the  following  synopsis  ; 

Table  I. 
Centrifugal  Evidences  of  Planetary  Explosive  Oscillation. 

(A)  TheoMtical.  (B)  Observed.  (B— A)-^A.  Basis. 

«                 81.  83.17  .027  9^ 

fi              729,  734.93  .008  9^ 

/             6561.  6453.73  —.016  9* 

d                    .3333  .3149  —.055  J 

e                    -6667  .6563  —.016  } 

C                    .5  .4973  —.005  J 

7j                    .4444  .4705  .059  } 

0                    .4444  .4371  —.016  } 

t                     .5556  .5454  .018  J 

X                 36.  36.96  .027  }X9* 

X               324.  326.59  .008  tX^ 

fx            2916.  2970.43  .019  JX9* 

3,  2.2222  2.17  —.025  JXIX9 
^                20.  20.43  .022  JXfX9' 

4,  180.  182.83  .016  1X5X9" 
^  •  1620.  1625.69  .004  JXSX9* 
f,  14580.  14341.64  —.016  iXlX9^ 
c;  466560.-       '  477384.6  .023  32X^ 
T  213.54  214.86  .006  c 
o  213.54  206.29  -.034  <; 
xp  .8  -7945  —.007  J  ^5 
j^  225.  225.46  .002  §XfX«' 
^,  2025.  2049-51  .01  SX5X9» 

The  importance  of  combining  the  centres  of  direct  and  revei*se  explosive 
gyration,  in  foiming  the  units  of  the  series  which  is  to  contain  the 
modulus  of  equal  univ.ersdl  action  and  reaction,  is  obvious. 
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Revising  our  procedure,  and  commencing  at  the  centre  of  oscillation  of 
'tlie  reciprocal  of  gravity  (a),  we  find  the  following  relationships  : 

I  a  is  near  the  mean  position  of  Neptune /^ 

f  a     **        the  c.  grav.  of  Nei)tune  and  Uranus y 

I  /     "        "  *•        of  Neptune,  Uranus  and  Saturn S" 

t  d'     "        "  "        of  the  four  outer  planets s 

J  s     "        **  mean  position  of  Jupiter C 

The  ceutre  of  linear  oscillation,  therefore,  appears  to  have  had  an  im- 
portant influence  in  detennining  the  positions  of  Neptune  and  Jupiter, 
and  the  centre  of  explosive  oscillation  in  fixing  the  places  of  the  inter- 
mediate planets.  Neptune's  position  is  also  near  the  reverse  centre  of 
explosive  oscillation  of  the  reciprocal  of  gravity,  |  of  |  being  equivalent 
to  t 

From  the  excess  of  the  observed  over  the  theoretical  value  of  the  modulus 
of  light  (f,),  in  the  foregoing  table,  as  well  as  from  the  fact  that  the  theoi^eti- 
cal  modulus  best  satisfies  the  hypothesis  of  explosive  positions  in  the 
outer  plahetai-y  system,  I  infer  that  the  mean  velocitj'^  of  light  between 
Neptune  and  the  Sun,  is  retarded  a  little  more  than  one  per  cent,  by 
the  condensation  of  aether  towards  the  Sun. 
^  ^'  is  near  the  centre  of  gravity  of  the  principal  asteroids,  and  also 

near  the  centi*eof  explosive  oscillation  from  Cybele  to  Flora tj' 

I  r/  is  near  the  mean  position  of  Mai-s 0 

f  0'  is  near  the  centre  of  gravity  of  the  three  interior  planets c 

f  [  is  near  the  linear  centre  of  oscillation  of  Venus x 

J  X  is  near  Mercury's  perihelion ^' 

f  X'  is  near  the  explosive  centre  of  gyration,  which  limits  solar  atmos- 
pheric retardation /x 

This  second  series  of  coincidences  is  grouped  in  the  following  table  : 


e 

r' 


Centripetal 

(A)  Theoretical. 

9720 

6480 

5400 

3000 

1633.33 

1088.89 

604.94 

a 

336.08 
186.71 
103.73 

57.63 

33.02 


Table  II. 
Evidences  of  Explosive  Oscillation. 
(B)  Observed.        (A-B)  -  A        Basis. 


^g  modulus 

6453.72 

.004 

U 

5429.62 

—.005 

w 

2894.57 

.035 

k' 

1632.69 

.000 

hr 

1117.87 

-.027 

h' 

588.07* 

.028 

^r 

589.41 

.026 

u 

326.59 

.029 

5 

182.83 

.021 

y(f' 

103.61 

.001 

h' 

56.07 

.027 

rx' 

32.36f 

-.011 

U' 

< 

X 

X 

*  Mean  radius  vector  of  Juuo,  Ceres,  aud  Pallas. 

t  f  of  36.4  ;  36.4  beinj?  the  mean  of  the  two  extreme  value«,  derived  from  Sporer's  and  Hora- 
stein's  estimates. 
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//  ;  /—modulus  of  light  t  ft^'l'^  ^  t^ 

There  are,  therefore,  nine  principal  planetary  orbital  divisions,  deter- 
mined mainly  by  centres  of  explosive  gyration  ;  nine  successive  centres 
of  linear  oscillation  between  the  modulus  of  light  and  the  reciprocal  of 
gi-avity  ;  nine  similar  centres  between  the  limit  of  the  Sun's  possible  at- 
mosphere and  the  Sun's  surface;  and  finally,  nine  successive  powers  of 
NINE,  that  exert  important  centrifugal  detenu inations.     For  we  find  : 

At  9  ''  r  the  fulcrum  of  the  solar  system,  if  the  planetai-y  masses  were 
concentrated  in  a  point  at  r. 

At  9  '^  ;•  is  the  seat  of  an  explosive  oscillation,  which  would  tend  to  de- 
tach a  nebulous  ling,  with  a  mass  9~'^  m,  provided  the  centre  of  oscillation 
of  the  ring  were  at  the  present  geometrical  planetary  mean^  9~*'^  ;•.  For, 
in  order  that  the  separation  should  begin,  the  velocity  of  nebular  rota- 
tion at  the  surface  of  the  central  body  should  bear  such  proportion  to 
the  mean  velocity  of  revolution  in  the  ring  as  the  radius  of  the  central 
mass  to  the  radius  of  the  ring's  centre  of  oscillation,  and  as  the  velocity 
of  virtual  revolution  at  the  central  surface,  to  the  like  velocity  at  the  seat 

of  exi>losion,  d  t  81^*  j 

At  9"^  /•,  a  planetary  mass  which  was  in  nebulous  condition  in  the  above 
ase,  having  acquired  sufficient  central  condensation  for  the  detachment 
of  an  interior  planet,  would  have  its  fulcrum  at  the  Sun's  surface,  if  its 
centre  of  gravity  were  at  the  distance  of  Mercury.  The  combined  effect 
of  these  two  primitive  hypothetical  breaks  is  perhai)s  recorded  in  the 
solar  rotation,  which  occupies  nearly,  if  not  precisely,  |XiX729,  X  the 
planetary  orbital  time  at  the  Sun's  surface. 

At  9"  /•  is  the  Sun's  surface,  the  probable  seat  of  many  of  the  explo- 
tions  which  have  lately  attracted  so  much  attention. 

At  NINE  /•,  is  the  first  theoretical  exterior  limit  of  explosion,  in  which 
she  Sun  is  central  and  its  opposite  surfaces  are  centres  of  alternate  direct 
and  revei-se  explosive  oscillation.  Here  is,  perhaps,  the  limit  of  an  im- 
portant solar  envelope. 

Near  nine  times  the  first  exterior  limit,  or  9';*,  is  the  orbit  of  Mercury. 

Near  nine  times  the  second  exterior  limit,  or  9  r,  is  the  asteroidal 
limit. 

Near  nine  times  the  third  exterior  limit,  or  9'r,  is  the  orbit  of 
Neptune. 

Near  nine  times  the  fourth  exterior  limit,  or  9'V',  is  the  centre  of  Sun- 
ward explosive  oscillation  which  determines  the  reciprocal  of  gravity. 

Such  considerations,  conjoined  with  the  observed  increase  of  spotted 
surface  on  the  side  of  the  Sun  next  the  Earth  and  most  remote  from 
other  disturbing  planets,*  seem  to  furnish  a  clue  to  the  solution  of  the 
Sun-spot  mystery.  Even  if  all  the  planets  were  so  arranged  as  to  be 
either  in  mutual  heliocentric  conjunction  or  opposition,  their  combined 

*  De  La  Rue.  Stewart  and  Loewy,  Proc.  Roy.  Hoc. .  xx.,  210.  sqq. 
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influence  would  not  suffice  to  raise  a  tide  of  a  quarter-inch  at  the  Sun's- 
surface.     But  variations  of  inertia   {m  d^)  and  of  power  to  produce  local 

oscillations! )  may  be  much  more  important,  in  their  influence  on 

fluid  bodies,  than  differential  tidal  variations  (  — ^)-  At  the  very  out- 
set of  my  cosmical  investigations  {ante^  ix.,  287),  I  gave  a  method  for  es- 
timating the  Sun's  distance  by  comparing  the  atmospheric  inertia  rela- 
tively to  the  Earth,  with  the  same  inertia  relatively  to  the  Sun.  The  re- 
markable coincidence  of  the  disturbing  focus  of  the  Wolfian  cycle  with 
the  centre  of  linear  oscillation  in  the  planetary  system,  seems  to  render 
it  probable  that  solar  explosions  and  spots  arie  also  determined  by  laws  of 
inertia  and  local  oscillation. 


ON  BATHMODON,  AN  EXTINCT  GENUS  OF  UNGULATES. 

By  Edwabd  D.  Cope. 

{Read  before  the  American- Philosophical  Society,  Feb.  16,  1872.) 

The  present  form  embraces  some  of  the  largest  Perissodactyles,  or  odd- 
toed  Ungulata,  of  our  Tertiary  Strata.  It  is  represented  by  remains  of 
two  species,  which  include  portions  of  the  cranium,  with  teeth  and  frag- 
ments of  jaws ;  vertebriB,  fragments  of  scapular  and  pelvic  arches  and 
bones  of  the  limbs.  The  distal  end  of  the  tibia  is  wanting,  but  that  of 
the  fibula  indicates  an  odd-toed  animal,  and  the  third  trochanter  on  the 
exterior  ridge  of  the  femur  confirms  the  reference. 

There  are  probably  four  superior  molars,  though  three  only  are  pre- 
served. Two  premolars  only  remain  of  the  superior  species,  but  the  frag- 
ment of  ramus  mandibuli,  referred  to  the  same  species,  exhibits  four  pre- 
molars ;  from  a  consideration  of  the  sizes  of  the  superior  premolars  it  is 
probable  that  there  were  four  of  these  also.  There  are  three  strong  inci- 
sors in  each  premaxillary.  No  canine  tooth  is  preserved,  but  the  pos- 
terior suture  of  the  premaxillary  bone  is  so  wide  as  to  point  to  an  equally 
stout  anterior  part  of  the  maxillary,  fitted  to  support  such  a  tootli.  The 
dental  series  increases  regularly  in  size,  from  befoje  backwards,  the  last 
being  a  little  larger  than  the  penultimate.  The  crowns  of  the  molars 
exhibit  on  the  outer  margin  a  single,  acutely-angled  crescent,  directed 
inwards,  with  a  conic  lobe  alongside  of,  and  anterior  to  its  base,  repre- 
senting a  second  external  crescent.  The  crescent  lobe  proper  is  large  and 
very  obliquely  directed,  so  that  its  external  face  is  almost  horizontal- 
The  apex  of  its  companion  cone  is  continuous  with  its  posterior  margin, 
so  as  to  be  undistinguishable  from  it  in  some  cases.  The  inner  crescents 
are  represented  by  a  wide  angular  ridge,  which  is  at  a  lower  level  than  the 
exterior,  and  is  little  or  not  developed  on  the  posterior  side  of  the  crown. 

A.   p.    S. — VOL.   XII. — 3a 
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Its  inner-plane  face  is  horizontal,  or  even  ascending  in  one  species.  In 
the  premolar  teeth  of  B,  radians,  the  external  crescent  lobe  is  single  and 
symmetrical .  As  the  crown  contracts  inwardly,  a  second  inner  crescent 
lobe  has  a  trihedral  form,  while  in  one  more  anterior,  the  inner  is  much 
reduced.  The  infeiior  premolars  are  all  two-rooted,  and  foi-m  an  unin- 
terinipted  series.  The  basis  of  the  molar  part  of  the  zygomatic  arch  orig"- 
inates  opposite  the  adjacent  parts  of  the  penultimate  and  last  molars. 
The  premaxillary  bone  is  massive,  and  with  but  little  area  for  attachment 
W^ith  its  fellow  in  front.  The  incisor  teeth  are  large,  with  subcylindric 
roots,  and  their  alveoli  are  well  separated.  In  one,  perhaps  superior, 
'the  crown  is  expanded  transvei-sely,  with  convex  cutting  edge. 

In  the  humerus,  the  deltoid  hook  is  developed,  but  is  not  miich  elevated 
^bove  the  plane  of  the  head.  It  originates  from  an  external  expansion  of 
the  head,  which  bears  a  shallow  cotylus,  separated  Irom  tlie  head  by  a 
low,  curved,  subtransverse  ridge.  The  condyles  of  the  humerus  do  not 
«upport  any  trochlear  ridges.  An  almost  perfect  femur  of  B.  radians  is 
preserved.  The  third  trochanter  is  not  very  prominent.  The  little  tro- 
chanter is  little  developed ;  the  great  trochanter  is  large  but  does  not 
«qual  the  head.  The  latter  is  subglobular,  and  the  ligamentous  fossa  ex- 
tends to  its  rim.  The  distal  trochlear  surface  is  prominent,  the  inner 
edge  more  so  than  the  outer.  Its  articular  surface  is  broadly  continuous 
with  those  of  the  condyles ;  a  slight  emargination  of  the  outlines  only 
marking  the  usual  constriction  on  each  side.  In  this  it  resembles  CervidcB 
and  some  Antilopidcp,  The  inner  condyloid  surface  is  cut  off  by  the 
emargination  in  Toxogen  and  Bos  huhalus  ;  the  emarginations  are  deep, 
Ibut  do  not  cut  off  either  in  Equus,  Canielopardalis  and  three  species  of 
Bos  ;  while  they  are  so  deep  as  to  cut  off  both  in  Rhinoceros,  5  sp.,  Hip- 
popotainus,  Bos  hrachycerus^  B.  sondaicus  and  B.  sehy  nicer  us  and  in  Ca- 
toblepas, 

Bathmoi>on  radians.     Cope.     Sp.  nov. 

Represented  by  portions  of  several  individuals,  which  indicate  an  ani- 
mal varying  from  the  size  of  the  ox  to  that  of  the  Javan  Rhinoceros. 

The  transverse  diameters  of  all  the  molars  exceed  their  longitudinaL 
^n  the  penultimate,  which  may  serve  as  a  type,  the  superior  or  outer 
plane  of  the  inner  crescent  ridge  extends  along  about  .66  of  the  pos- 
terior of  the  outer  crescent.  In  the  last  molar  this  surface  is  very  wide 
on  the  posterior  and  inner  side  of  the  external  crescent ;  it  then  contracts, 
and  expands  again  on  the  posterior  side,  its  outer  bounding  crest  reach- 
ing to  the  external  margin  of  the  crown. 

Besides  these  points,  the  molars  possess  a  strong  cingulum  along  the 
anterior  base  of  the  crown,  which  unites  with  the  surface  near  the 
inner  prdturberance  of  the  laf  ter  in  the  penultimate  ;  in  the  last  molar  it 
reappears,  forming  a  short  lobe  on  the  posterior  face.  The  enamel  where 
not  worn  is  slightly  rugose. 

A  posterior  premolar  has  a  cingulum  on  the  inner  obtuse  apex.  The 
^rest  of  the  inner  crescent,  descending  on  each  side  of  the  apex  of  the 
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outer,  forms  a  cingulum-like  ledge  at  its  base  as  far  as  the  angle  formed 
by  the  descent  of  ihe  apex  of  the  outer  crescent.  The  outline  of  the 
ccorner  of  .this  tooth,  viewed  from  above,  is  narrow  cordate,  with  obtuse 
^pex.  The  convexity  of  the  outer  crescent  inwards  is  very  strong,  and 
Tthe  base  of  the  crown  is  externally  two-lobed.  Enamel  striate  rugose, 
iln  a  more  anterior  premolar  (with  three  roots)  there  is  no  internal  cingu- 
ilum,  and  the  crest  of  the  inner  crescent  is  not  carried  to  the  external 
basis  of  the  tooth,  and  is  entirely  wanting  on  the  posterior  face  of  the 
'.tooth.  The  external  crescent  is  more  vertical  and  less  concave.  Outline 
of  crown  subtriangular. 

The  premaxillary  bone  is  elonarate,  flat,  and  with  a  sloping  superior 
face,  which  rises  gently  inwards.  The  bases  of  the  incisors  stand  obliquely 
outwards.  The  inferior  surface  is  flat,  and  the  basis  of  the  broken 
^palatal  spine  is  rather  small.  An  incisor  tooth  has  a  transversely  dia- 
»m©nd-shaped  crown,  slightly  twice  concave  on  the  inner  face,  strongly 
•convex  on  tlw  outer,  with  a  faint  external  cingulum  near  the  external 
.angles.    Enamel  obsoletely  striate. 

MEASUREMENTS.     (nO.  1.) 

■  M. 

longitudinal  diameter  last  superior  molar 035 

Transverse  **  **  0455 

Longitudinal        **    penultimate 032 

Transverse  **  "        039 

.fiongitudinal        *'    posterior  premolar 034 

"Transverse  **  '*  034 

Xongitudinal        "    anterior      **  0215 

Transverse  **  **  "  0265 

Length  premaxillary  bone 082 

Transverse  width  posterior  suture 028 

"Width  premaxillary  at  middle    ** 043 

Length  basis  last  two  inferior  premolars 057 

Transverse  diameter  edge  of  mandible  at  first  premolar  .017 

Piameter  condyles  of  femur 104 

^*        heads  great  trochanter 130 

'*        head  alone 062 

'*        shaft  with  third  trochanter 076 

Supposed  length  femur  (16.75)  inches 415 

Transverse  diameter  head  of  tibia 092 

Antero-postcrior       "         internal 061 

'*  ''         external 045 

(?)    No.  2. 

Xongitudinal  diameter  head  of  humerus 138 

"  **        of  outer  cotylus  and  tuberosity.   .055 

The  ^lev  remains  of  this  animal  will  be  more  fully  described  and  the 
whole  figfjred,  shortly.  They  were  discovered  by  Dr.  F.  V.  Hayden,  in 
jtertiary  beds  of  the  Wahsatch  Group,  near  Evanston,  Utah. 
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Bathmodon  SEMICINCTU8.  Cope.  Sp.  nov. 
This  species  differs  from  tlie  last  in  several  particulars  of  dentition^ 
The  interior  ridge  (homologous  with  the  inner  crescentic)  bounding  the 
middle  plane  of  the  superior  molars,  is  not  continued  on  the  posterior- 
face  of  the  tootli,  but  curving  inwards  joins  the  outer  crest  at  its  apex. 
The  outer  crest  terminates  in  a  conic  tubercle  anteriorly  on  the  external 
face,  the  rudiment  of  the  anterior  crescentic  ridge  appearing  as  a  low 
ridge  from  the  side  of  the  posterior  one,  and  rising  to  a  point  on  the  an- 
terior margin  of  the  crown.  There  is  no  cingulum  round  the  anterior 
base  of  the  crown.  The  latter  is  as  long  as  wide.  The  inner  crest  is 
reduced  to  a  mere  angle,  and  its  posterior  face  is  not  basin-shaped 
but  rises  to  the  crest  of  the  inner  crescent.  The  outer  face  of  the  latter 
is  8ub-horiz(mtal  with  rising  apex,  and  is  concave  transversely.  Its  an- 
terior outer  base  is  narrowed  but  is  less  elevated  than  the  posterior. 

Measurements.  M. 

Length  basis  crown 0225 

Width  ''  022 

"        exterior  crescent 012 

Depth         "  ''        02 

This  animal  was  not  more  than  half  the  bulk  of  the  last ;  its  size  was 
about  that  of  the  T((pirus  terrentrlft.  The  differences  in  dentition  whic& 
it  presents  are  so  marked  as  compared  with  the  last  species,  as  to  induce 
me  to  believe  that  it  will  be  found  on  fuller  acquaintance  to  belong  to 
another  genus.  This  may  be  called  Loxolophodon.  Other  remains  belong- 
ing to  these  si>ecie8,  or  relating  to  it  in  size,  are  contained  in  Dr.  Hay  den's, 
collection,  but  cannot  now  be  referred  to  with  certainty. 
From  the  Wahsatch  Beds,  near  Evauston,  Utah. 

Especial  interest  attaches  to  these  fossils  from  the  fact  that,  they  belong 
to  the  oldest  of  the  tertiary  periods  of  North  America.  The  Wahsatch 
Group,  according  to  Dr.  Hayden,  underlies  the  Bridger  Group,  which  has 
yielded  so  many  mammalian  species  to  the  researches  of  Leidy  and  Marsh. 
These  have  been  supposed  to  be  Eocene,  so  that  the  age  and  species 
here  described  is  not  later  than  that.  The  character  presented  by  the 
molar  teeth  are  very  peculiar,  and  indicate  not  only  a  new  genus,  but 
a  new  family.  This  has  a  remote  affinity  only  to  the  group  of  Pakeosyops 
Titanotlierium,  etc, 

ON  TWO  NEW  ORNITHOSAURIANS  FROM  KANSAS. 
By  Edward  D.  Cope. 
(Read  before  the  American  Philosophical  Society,  March  1,  1872.) 
The  species  about  to  be  described  resemble,  in  their  large  proportions, 
the  large  pterodactyles  of  the  English  chalk  and  green  sand.     The  speci- 
mens at  my  disposal  consist  chiefly  of  portions  of  the  anterior  limb,  of 
metacarpals  and  phalanges.     Some  of  the  phalanges  of  the  claw-bearing- 
digits  are  remarkable  for  their  relatively  large  diameter,  a  peculiarity 
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stated  by  Seeley  to  be  found  in  the  species  of  his  genus  Ornithochirus, 
As  it  is  not  likely  on  othex*  grounds  that  the  species  of  the  Niobrara  cre- 
taceous strata  belong  to  the  genus  Pterodaetyhts  of  Cuvier,  which  is 
chiefly  known  from  the  Jurassic  period,  I  place  the  Kansas  species  for 
the  present  in  Ornithochirus,  as  established  by  Seeley. 

Ornithochirus  umbrosus.  Cope. 

Represented  by  the  distal  poi-tion  (ten  inches)  of  the  wing  finger  meta- 
-carpal ;  the  proximal  portion  (eight  inches)  of  the  first  phalange  of  the 
fiame  digit,  with  two  phalanges  of  claw-bearing  digits.  The  distal  con- 
dyles of  the  first  named  bone  are  separated  by  the  usual  deep  groove  above 
and  below,  and  wind  separately  to  their  terminations  on  the  inferior  face. 
The  narrow  base  which  supports  the  inner  condyle  is  bounded  posteriorly 
by  an  acute  edge  ;  directly  outside  of  the  base  of  this  ridge  is  a  deep 
groove  or  foramen,  which  is  bounded  next  the  external  condyle  by  an- 
other ridge  which  rises  to  the  base  of  the  inner  condyle  on  the  trochlear 
-•side.     The  transverse  diameter  of  the  condyle  is  M.  0.043  or  17  lines. 

The  proximal  end  of  the  first  phalange  is  perfect,  but  flattened  by  pres- 
sure. It  presents  the  two  usual  cotyloid  cavities  well  separated  by  an 
elevated  ridge.  Anteriorly,  it  presents  an  elevated  crest  for  muscular 
insertion.  This  tenninates  abruptly,  and  is  followed  distally  by  a  deep 
notch.  Distal  to  this  is  another  prominence  of  the  bone  also  probably  an 
insertion.     Antero-posterior  diameter  (flattened),  24  lines. 

The  claw  phalange  is  short  and  wide  ;  both  its  articulations  are  simple 
and  concave.  Both  outlines  are  keeled,  one  very  strongly  at  one "  end, 
and  at  the  other  presenting  beyond  the  articular  surface,  a  wide  pro- 
longed process  for  muscular  insertion.  Length  phalange  without  process, 
thirteen  lines ;  process,  four  lines ;  diameter,  widest  extremity,  eleven 
lines.  This  indicates  a  very  stout  digit.  The  other  digit  is  penultimate, 
and  is  remarkable  for  its  small  size,  perhaps  indicating  an  external  rudi- 
mental  digit.  It  is  only  supposed  to  belong  to  the  anterior  limb,  from  its 
having  been  found  with  the  preceding  bones.  It  is  more  slender  than 
the  other,  and  differs  in  having  convex  distal  articulation,  divided  by  a 
trochlear  groove,  and  the  concave  proximal  one  in  like  manner  divided  by 
a  trochlear  carina.     Length,  nine  lines  ;  proximal  depth,  three  lines. 

This  species  is  the  largest  Pterodactyle  as  yet  k,nowu  found  on  our  con- 
tinent, the  end  of  the  wing  metacarpal  exceeding  in  diameter  that  of  the 
species  described  by  Professor  Marsh,  from  the  same  region,  by  4.  lines. 

From  near  Butte  Creek,  from  the  yellow  chalk. 

Ornithochirus  harpyia.  Cope. 
Established  on  wing  metacarpals  and  phalanges  of  three  individuals. 
The  articular  extremities  indicate  a  species  from  one-half  to  two-thirds 
the  size  of  the  last  named.  Those  of  the  metacarpal  are  very  prominent 
^bove  as  well  as  below,  and  there  is  no  distinct  ridge  in  the  trochlear 
groove  between  them.  The  inner  condyle  does  not  stand  on  a  base  with 
an  acute  posterior  ridge,  but  overhangs  a  rather  obtusely-edged  support. 
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There  is  no  second  ridge  on  the  outer  (trochlear)  side  of  it.  Tlie  same 
condyle  terminates  abniptly  posteriorly  on  tlie  superior  face  of  the  shafts 
Width  of  condyles  in  No.  1,  eleven  lines  ;  in  No.  2,  thirteen  lines  ;  verti- 
cal diameter,  inner  condyle,  eleven  lines  (No.  1) ;  transverse  diameter 
shaft  above,  eight  lines. 

The  proximal  articular  surfaces  of  the  proximal  wing  phalanges  are 
deeply  concave,  the  inner  protected  by  an  elevated  margin  behind  ;  that 
of  the  outer,  much  lower.  They  are  separated  chiefly  byadeepemargin- 
ation,  but  on  their  short  adjacent  portions  by  a  low  ridge.  The  process 
for  ligamentous  insertion  is  well  developed.  The  distal  extremity  is 
slightly  widened,  and  its  articular  surface  is  wedge  shaped  with  very  con- 
vex base.  Its  surface  is  slightly  concave  in  both  directions  and  without 
median  ridge.  The  margin  of  the  shaft  terminates  in  a  short  tuberosity 
bearing  articular  surface.  Transverse  diameter,  sixteen  lines.  Length 
of  shaft  preserved,  but  incomplete,  nine  inches,  one  line. 

This  species  is  about  the  size  of  the  Pterodactyle  found  by  Professor 
Marsh  in  the  same  region,*  and  probably  belongs  to  the  same  genus,  and 
possibly  to  the  same  species.  This,  however,  cannot  be  definitely  ascer- 
tained as  his  species  is  imperfectly  described,  all  the  characters  adduced 
except  the  measurement  being  generic.  The  name  given  by  Professor 
Marsh  has  also  been  previously  used,  both  in  this  genus  and  in  Pterodac- 
tylusj  and  must  therefore  be  given  up. 

Remains  of  the  two  Ornithochiri  above  described  are  not  rare  in  the 
yellow  chalk  of  the  Niobrara  Group,  and  those  obtained  were  mostly  from 
different  parts  of  the  course  of  the  bluft's  of  Butte  Creek. 


A  DESCRIPTION  OF  THE  GENUS  PROTOSTEGA,  A  FORM  OF 
EXTINCT  TESTUDINATA. 

By  Edward  D.  Cope. 

{Read  before  the  American  Philosophical  Society,  March  Ist,  1872.) 

The  present  article  introduces  to  the  system  a  new  foi-m  of  Testu- 
dinata  of  a  character  not  heretofore  found  in  a  fossil  condition.  Its  af- 
finities will  be  more  fully  discussed  at  the  end  of  the  description,  but  they 
appear  to  belong  to  the  Sphargididcp.  This  family  is  i^presented,  in 
our  present  knowledge,  by  but  one  genus  and  one  species  of  the  recent 
seas.  It  is  one  of  the  most  generalized,  or  in  special  characters,  the  most 
aberrant  of  the  order  of  the  tortoises,  and  the  discovery  of  an  extinct  ally, 
even  as  far  down  in  the  series  as  the  cretaceous  period,  is  not  surprising. 
•  The  remains  preserved  belong  to  a  single  individual,  and  include  many 
portions  of  the  ci'anium,  five  vertebrae  more  or  less  incomplete,  the  scap- 
ular arches  of  botli  sides  with  the  coracoid  bones  ;  both  humeri  perfectv 
with  nine  phalanges,  ten  ribs,  one  vertebral  (?),  and  ten  marginal  bones ; 
parts  or  wholes  of  four  large  lateral  (?)  dermal  bones,  with  five  distinct 

*See  Am.  Jour.  Sci.  Arts,  June,  1871. 
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bones  of  unknown  reference.     There  ai*e  also  some  slender  curved  bones 
which  probably  pei*tain  to  the  plastron. 

As  the  bones  were  exposed  by  excavations  in  the  yellow  cretaceous 
chalk,  sketches  of  their  positions  and  relations  were  made,  which  aid  ma- 
terially in  the  restoration  of  the  animal.  The  upper  layer  of  bones  were 
those  of  most  inegular  form,  as  ci*anial  and  limb  bones.  Mingled  with 
these,  but  often  beneath  them,  were  the  ribs^  while  underlying  all,  were 
the  large  flat  pieces  here  described  as  dermal.  Adhering  to  the  inferior 
surface  of  these  was  a  layer  of  thin  oystei*  shells  with  parallel  striate  sur- 
face, perhaps  InoceramL  The  ribs  presented  their  heads  upwards ;  so 
that  taking  all  points  into  consideration,  there  is  little  doubt  that  the 
reptile  was  entombed  on  its  back. 

The  texture  of  the  bones  is  i)eculiar.  There  are  nowhere  to  be  seen 
medullary  cavities,  and  the  bone  is  spongy,  but  veiy  finely  so,  the  tubules 
at  the  largest  being  equal  in  diameter  to  an  ordinary  pin,  and  genei-ally 
considerably  smaller.  They  are  arranged  in  concen^c  series.  There  is 
no  thick  dense  layer  of  the  bone  as  in  other  tortoises,  but  an  extremely 
thin  one,  which  is  hard  and  sculptured  on^e  surface  with  minute  grooves 
or  pits.  The  tissue  of  the  bone  is  very  fragile,  and  has  a  fracture  like 
the  mineral  enclosing  it.  Many  of  the  bones,  especially  those  of  the 
dermal  skeleton,  are  extremely  attenuated  on  the  margins,  being  no 
thicker  than  writing  paper. 

There  are  twelve  marginal  banes.  They  are  all  characterized  by  their 
laminar  form.  The  thinnest  are  those  furthest  removed  from  the  middle 
of  the  sides.  They  consist  of  a  single  lamina  slightly  thickened  within 
the  margin,  producing  a  slight  convexity  of  the  lower  side.  The  proxi- 
mal part  of  the  bone  is  an  extremely  thin  plate  with  radiating  ossification, 
and  consequently  more  or  less  serrate  margin.  It  extends  some  distance 
over  the  extremity  of  the  rib,  whose  apex  is  received  into  a  half  pit  or 
acttminate  groove  with  abrupt  termination,  about  one-sixth  the  width  of 
the  bone  from  the  margin. 

In  following  the  marginals  to  the  middle  of  the  side,  the  edge,  as  usual, 
increases  in  thickness.  The  lower  side  becomes  more  convex,  and  the 
upper  slightly  concave.  Tlie  edge  is  acute,  and  a  very  open  interior  en- 
tering angle  at  the  middle.  The  lateral  extremities  of  the  marginals  are 
irregular,  terminating  in  a  double  series  of  closely  packed  digitations, 
which  terminate  freely,  and  enter  into  no  suture.  The  pit  receiving  the 
extremity  of  the  rib  approaches  the  margin,  which  now  develops  an  in- 
ferior lamina  of  bone.  This  encloses  the  end  of  the  rib,  and  thins  out 
laterally  in  contact  with  the  superior  plate.  At  first  the  inner  lamina  is 
short ;  later  it  is  almost  as  extensive  as  the  outer  part  of  the  marginal 
plate,  causing  the  double  appearance  when  fractured.  As  the  marginals  . 
thicken,  a  distinct  inferior  plane  becomes  distinguished,  separated  from 
the  interior  face  by  an  obtuse  angle.  The  upper  face  near  the  margin  is 
more  concave.  In  the  thickest  and  inferior  face  is  also  somewhat  concave, 
and  the  edge  quite  acute.  The  lateral  extremities  consist  as  before  of 
packages  of  digitations  whidi  easily  break  out. 
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A  single  nearly  bi-lateral  bone  of  this  series  appear  to  be  either  nuchal 
or  caudalf  but  as  it  lias  no  sutural  connection  with  any  other  it  is  not 
easy  to  determine  which  is.  Its  marginal  length  is  much  less  than  its 
transverse  extent,  which  consists  chiefly  of  a  flat  lamina.  The  marginal 
part  is  a  little  thickened  and  bi-laterally  concave  below,  and  correspond- 
ingly convex  above.  The  margin  is  thin  and  acute.  A  few  grooves  rad- 
iate at  a  distance  from  the  middle  towards  the  margin.  The  lack  of  con- 
cave excavation  of  the  margin  would  incline  the  balance  in  favor  of  the 
view  that  this  bone  is  the  caudal. 

A  very  long  gently  curved  bone  is  probably  the  marginal  extending  on 
one  side  of  the  nuchal.  It  is  nearly  twice  as  long  as  the  others,  and  has 
an  extensive  and  thin  superior  lamina.  Its  (?)  anterior  part  is  in  one  plane, 
but  the  margin  soon  thickens  and  displays  a  rather  wide  infero-ext^mal 
face.  It  appears  to  have  had  an  inferior  lamina  on  its  posterior  half, 
which  made  an  angle  with  the  face  just  described.  An  oval  cavity  in- 
cluded, looks  as  though  designed  for  the  apex  of  the  rib. 

The  variation  in  the  lengths  of  these  marginal  bones  is  noteworthy.  I 
^ive  measurements,  premising  that  a  few  lines  may  be  added  to  the  ex- 
tremities of  some  for  lost  digitations: 

M. 

Length  of  long  anterior  (11  in.) 0.28 

Width      "  "       (some  lost) 135 

Length  of  lateral  with  inferior  face 195 

Width       **  (much  lost) 110 

Length     "  with  narrower  inferior  face 206 

Width      **  (much  lost) 115 

Length  of  one  with  interior  lamina 14 

Width       **        (some  lost) 086 

Length  of  a  thinner,  no  inferior  plate 193 

Length  still  thinner,      "  ''         182 

Width  of     "  (broken) 137 

Length  thinnest 162 

Width  "       (nearly  complete) 160 

(?)  Caudal  length 117 

**        width 150 

The  shortness  of  the  marginal  with  large  interior  lamina  is  noticeable, 
as  also  the  same  peculiarity  in  the  caudal.  As  compared  with  marine 
turtles,  difference  is  to  be  observed  in  every  particular.  Such  are  the 
lack  of  sutural  union,  the  laminar  character  ;  the  great  extent  of  the 
superior  and  distinctness  of  lower  laminae.  There  is  no  trace  of  epi- 
-dermal  sutures  visible  anywhere. 

A  single  synmietrical  plate  appears  to  have  belonged  to  the  middle  line 
of  the  back  or  nape.  It  was  sub-triangular  in  outline,  all  the  margins 
very  thin,  and  with  an  obtuse  keel  extending  on  the  middle  line,  on  the 
posterior  (or  anterior)  two-thirds  to  the  apex.  This  ridge  disappears  in 
(?)  front  by  a  gradual  expansion.    The  surface  is  marked  by  lines  of  minute 
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pits  and  grooves,  which  radiate  from  the  base  at  the  (?)  front  of  the  ridge. 
Length,  M.  .135  ;  width,  .21. 

The  lateral  dermal  hones  preserved,  are  two  entire,  and  large  parts  of 
one  or  of  two  others.  They  have  an  irregular  oval  outline  and  are  slightly 
dished  on  the  inferior  surface  or  that  next  the  ribs.  The  upper  surface 
is  more  convex  longitudinally,  from  the  thickening  of  the  bone.  The 
margins  are  irregular  from  the  projection  of  many  digitations.  Some  of 
these  are  broad  and  flat,  others  are  narrow.  They  are  frequently  two 
deep,  and  the  fissures  separating  them  occasionally  extend  far  towards 
the  middle  of  the  bone.  The  convexity  assumes  the  form  of  a  low  ridge 
towards  one  end  of  the  bone.  At  the  point  where  this  reaches  the  mar- 
gin, the  latter  is  in  all  the  four  plates,  thickened,  and  composed  of  several 
layers  of  packed  osseous  radii.  When  found,  the  ribs  laid  across  these 
shields  ;  one  of  them  occupying  the  position  of  a  radius  to  one  of  them. 
These  shields  are  much  larger  than  the  marginal  bones. 

M. 

Length  "No.  10  "  (21  inches) 0.535 

Width  •*         (broken) 400 

Thickness  at  middle 014 

Length  "No.  9" 530 

Width  "     (much  broken) 530 

Thickness  at  the  middle .013 

The  lengths  and  breadths  given  are  a  little  below  the  truth,  owing  to 
the  loss  of  the  exceedingly  thin  margin. 

Turning  to  the  endo-skeleton,  the  vertebrce  deserve  mention.  There  aie 
more  or  less  complete  examples  of  five  of  these  :  in  two,  both  centrum 
and  neural  arch  ;  in  two,  neural  arch  ;  and  in  one,  centrum,  are  preserved. 
These  have  been  recognized  chiefly  by  their  neural  arches,  which  are  sep- 
arate. They  are  in  form  something  like  an  X,  the  extremities  of  the 
limbs  carrying  the  zygapophysal  surfaces.  The  only  point  of  contact 
with  the  centrum  is  a  wide  process  which  stands  beneath  the  anterior 
zygapophysis,  and  spreads  out  foot-like  obliquely  forwards  and  outwards, 
to  beyond  the  line  of  its  anterior  margin.  Its  surface  extends  nowhere 
posterior  to  the  surface  of  zygapophysis  above  it,  but  a  little  further 
inwards.  Its  outer  margin  rises  ridge-like  to  the  under  side  of  the  neural 
arch,  and  each  one  forming  a  semi-circle  forms  the  boundaiy  of  the  neu- 
ral canal,  and  turning  outwards  forms  the  inner  boundary  of  the  posterior 
or  down-looking  zygapophyses.  The  space  between  these  apophyses  is 
roofed  over,  so  as  to  produce  a  shallow  zygantrum,  which,  however,  only 
seems  to  roof  over  the  deep  emargination  of  the  neural  arch  of  the  verte- 
bra immediately  following.  The  anterior  zygapophyses  are  often  broken 
away,  so  that  the  neurapophysial  supports  look  like  the  missing  pair, 
when  the  diflSculty  ensues  that  both  pairs  look  downwards.  The  top  of 
the  neural  arch  is  in  two  cases  broad  and  flat ;  in  two  others  there  is  an 
obtuse  keel. 

The  centra  apart  from  their  arches  are  puzzling  bodies,  especially  since 
A.   P.  8. — VOL.   XII. — 3b 
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in  the  present  case  they  are  somewhat  flattened  by  pressure.  They  differ 
materially  in  size,  one  of  them  being  twice  the  size  of  the  others.  The 
smaller  ones  are  of  the  ball  and  socket  type  and  have  a  deep  longitudinal 
groove  on  each  side.  The  thicker  portion  of  the  centrum  forms  the  in- 
ferior boundary  of  this  pit-groove,  while  a  thinner  portion,  possibly  a  dia- 
pophysis  limits  it  above.  It  is,  however,  thin,  and  had  no  great  Length. 
There  is  no  sign  of  chevron  bones  and  articulations,  so  that  these  verte- 
bne  may  have  been  cervical.  Their  bodies  are,  however,  shorter  and 
wider  than  in  those  vertebrae  of  any  known  tortoise.  A  groove  on  the 
upper  surface  represents  the  neural  canal ;  while  a  flat  portion  on  each  side 
in  front,  supports  the  neurapophyses.  The  large  centrum  exhibits  the 
superior  groove,  and  antero-lateral  platform  for  support  of  the  neural 
arch.  One  end  is  cupped  obliquely,  while  the  other  is  nearly  plane,  with 
the  same  obliquity  and  a  slightly  raised  margin.  Its  outline  is  sub-tri- 
angular. The  lower  side  of  this  centrum  possesses  a  short  keel  posteriorly. 
The  sides  exhibit  no  pit,  but  have  a  thin  edge,  which  is  concave  behind 
the  middle,  and  then  turn  outwards.  I  can  see  no  articulation  for  a  rib. 
The  forms  and  characters  of  these  vertebrae  resemble  SpJiargis  more 
than  anything  yet  described.  Either  the  large  or  the  small,  or  both  must 
be  referred  to  the  dorsal  region  ;  in  this  case  the  concavity  of  one  extrem- 
ity is  a  new  feature  among  tortoises,  so  far  as  known.  The  great  freedom 
of  the  arch  from  the  centrum  is  very  peculiar,  while  it  is  probable  that  the 
articulations  of  the  ribs  were  to  the  middle  of  the  side  of  the  body,  and 
not  to  the  adjacent  parts  of  two  bodies,  and  may  have  been  (see  below) 
to  processes  or  diapophyses. 

M. 

Length  medium  centrum 037 

Width  **  "       060 

Length  between  marguis  of  zygapophyses  do 060 

Width  **  anterior        ''  "  070 

**  ''  posterior      "  ''  047 

"  **  anterior  basis  of  arch 070 

"      arch  at  middle 028 

Length      ''         " .040 

Width  posterior  zygapophyses,  No.  3 048 

"       of  arch 025 

Length   "        025 

**      of  anterior  foot  (oblique) 02 

Length  centrum  of  large  one 06 

Width  ''  "        " 094 

"        neural  canal"        "  017 

Ten  ribs  were  recovered.  These  are  slender  and  rather  flatter  than  in 
most  reptiles,  but  without  the  peculiar  form,  characteristic  of  tortoises 
and  turtles.  They  are  most  expanded  proximally,  the  bone  spreading 
into  a  lamina,  from  the  tubercular  region,  extending  laterally  and  prox- 
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imally  some  distance  beyond  the  head.  The  superior  plane  of  this  expan- 
sion is  continuous  with  that  of  the  rib,  and  is  flat ;  the  head  of  the  rib 
therefore  turns  downwards  and  inwards  from  it,  to  join  the  vertebra. 
Now  the  extent  of  the  inner  part  of  the  lamina  is  such  that,  were  the 
head  articulated  to  any  of  the  centra  discovered,  the  former  would  inter- 
fere or  overlap.  They  may,  therefore,  have  been  articulated  to  diapophy- 
ses.  The  expansions  are  serrato-digitate  on  the  margins,  and  exhibit 
radiating  grooves  and  ridges  in  some  places,  on  the  superior  aspect.  The 
len^hs  of  these  ribs  are  not  so  great  as  the  proportions  of  some  of  the 
other  bones  would  indicate. 

M. 

Length  *»No.  VI.  "  (16  indies) 0.510 

Width  at  head 140 

**       of    **    ., 040 

"       at  middle 055 

"       at  extremity 040 

Length  "No.  IL  " 390 

Width  "        just  below  the  head 100 

"       at  middle 087 

Length  **  No.  IX. '' 380 

"      proximal  to  head 060 

Width  at  middle 08 

In  the  rib  **No.  II.''  the  head  is  turned  obliquely  to  one  side,  indicating 
that  the  rib  diverged  at  a  strong  angle  from  the  vertebral  column,  in  fact 
not  more  than  one  of  45^.  This  is  then  an  interior  or  postarior  rib,  prob- 
ably the  latter,  since  the  shell  is  usually  expanded  chiefly  in  that  direction. 
All  the  ribs  are  flat  above,  and  convex  inferiorly. 

Both  sides  of  the  scapular  arch  are  complete,  except  the  sutural  portions 
of  coracoid  and  scapula  of  one  side.  The  scapula  and  procoracoid  make 
a  very  open  angle  with  each  other,  both  being  stout ;  the  scapula  the 
longer,  with  grooved  sculpture  at  its  proximal  end.  The  procoracoid  is  a 
little  the  shorter.  The  glenoid  cavity  and  coracoid  suture  are  almost 
sessile  at  the  union  of  the  scapula  and  procoracoid.  The  coracoids  are 
very  elongate,  almost  equal  to  the  ribs,  and  not  stouter  except  at  the  ex- 
tremity. It  is  expanded  into  an  oblique  head  proximally ;  the  shaft  is 
flat,  one  edge  thickened  or  truncated,  the  other  thin.  The  distal  portion 
is  scarcely  expanded,  being  more  slender  than  in  any  recent  Testudinate 
known  to  me. 

M. 

Length  scapula  to  glenoid  cavity 0.213 

Width        "  proximally 045 

Length  procoracoid  to  articular  surface 106 

Width  "  distally 060 

Length  coracoid 400 

Width  proximally 086 

"       medially 047 

"       distaUy 080 
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The  elongate  coracoid  resembles  most,  among  recent  Chelonians,  the 
marine  genus  Chelone^  while  the  sessile  glenoid  cavity  and  short  pro- 
coracoid  with  open  angle  are  entirely  diflferent.  In  these  points  this  genus 
is  more  like  terrestrial  forms  as  Testudo,  or  less  like  Emys, 

Both  humeri  are  entirely  preserved.  They  appear  to  have  been  some- 
what flattened  by  pressure  ;  but  when  unaltered  they  were  no  doubt  flat, 
with  stout  proportions.  They  have  a  globular  head  with  an  immense 
trochanter  which  projects  much  beyond  it  proximally.  The  shaft  is  there 
much  contracted,  and  expands  again  distally  to  the  broad  and  very  convex 
articular  extremity.  Opposite  the  narrow  part  of  the  shaft,  the  small 
trochanter  appears  on  the  inner  side,  foi-ming  an  elongate  ala.  The  long 
axis  of  the  humerus  is  not  straight,  the  proximal  and  distal  portion 
making  an  angle  of  110^  with  each  other. 

M. 

Total  length  humerus  (1  ft.)  straight , 0.300 

Length  "  from  head 296 

Width  at  head 156 

''       of    *'     073 

Least  width  shaft - 076 

Greatest  distal  width 132 

Length  basis  little  trochanter 080 

Thickness  at  shaft 031 

The  flatness  of  this  element  and  situation  ot  the  large  trochanter  in 
the  general  plane  are  characters  of  the  Sphargididcs ;  the  great  constric- 
tion medially  and  expansion  of  both  extremities  remind  one  of  the  Mosa- 
sauroid  humerus. 

Of  bones  of  the  fore  arm  there  may  be  one,  but  the  bones  next  in  size  to 
the  humerus  look  more  like  metacarpals  or  metatarsals.  Two  oi  them 
were  found  together  in  position  and  their  relative  positions  were  not  like 
those  seen  in  the  fore-arm  of  sea-turtles.  They  measure  over  seven  inches 
in  length,  and  are  strongly  concave  on  their  adjacent  sides.  One  of  them 
is  slightly  concave  on  the  outer  side,  the  other  convex,  the  convexity  being 
at  I  tlie  length  from  one  end.  The  ends  of  both  are  a  little  expanded 
and  one  end  of  one  displays  a  double  or  trochlear  extremity.  The  same 
end  of  the  other  is  injured  by  pressure.  A  still  larger  metacarpal-like 
bone  is  relatively  more  expanded  at  the  ends.  The  articular  surface  of 
one  of  these  is  wide  at  one  end,  and  much  narrowed  at  the  other.  Tbe 
smaller  bones,  undoubtedly  phalanges,  are  six  in  number.  They  are 
quite  slender,  a  little  expanded  at  the  ends,  and  flat. 

M. 

Length  largest 0.165 

Width  do.  at  extremity 065 

**  "     middle 032 

Length  longest  of  pair 180 

Width,  extremity 050 

"  shaft 027 


Digitized  by 


Google 


1872.]  ^-^  [Oope. 

M. 

Length  phalange 032 

Width,  extremity 032 

shaft 018 

Thickness  shaft Oil 

These  measurements  indicate  for  the  fore  limb  a  total  length  of  4.52 
feet  (M.  1.347)  if  proportioned  as  in  Ghelone  ;  this  would  give  an  expanse 
of  11. 3  feet.  If,  however,  it  was  constructed  on  the  plan  of  Sphargis,  the 
expanse  would  be  nearly  seventeen  feet. 

Several  instructive  cranial  bones  were  preserved.  These  are  the  max- 
illary and  distal  part  of  the  dentary  of  the  left  side  ;  the  posterior  part  of 
the  left  mandibular  ramus  ;  quadrate  bones  and  adjacent  pterygoids  and 
squamosal,  one  side  with  the  columellar  plate  also  ;  right  post-orbital 
bone  and  part  of  the  left.     Also  some  probably  hyoid  elements. 

The  maxillary  hone  and  dentary  present  a  considerable  extent  of  the 
alveolar  margin.  This  is  remarkable  in  being  thin,  sharp  and  elevated, 
without  horizontal  portion.  The  former  bone  is  but  little  incurved  to  the 
premaxillary  suture  ;  its  anterior  outline  is  elevated  and  vertical,  the  nos- 
trils entering  opposite  the  probable  middle  of  the  orbit.  The  palatal  plate 
of  the  maxillary  has  no  great  antero-posterior  extent,  so  that  the  inner 
nares  are  opposite  the  anterior  part  of  the  orbit.  The  latter  presents 
only  the  anterior  and  inferior  outlines  in  the  specimen.  The  part  of  the 
maxillary  below  it  is  very  narrow,  and  weaker  than  either  SpJiargis  or 
Ghelone.  The  cutting  edge  has  a  very  open  sigmoid  flexure,  suborbital 
part  being  turned  inwards,  the  anterior  part  a  little  outwards.  The  os- 
seous rim  of  the  orbit  projected  considerably  beyond  the  plane  of  the  max- 
illary anteriorly. 

The  dentary  bone  is  very  deep  anteriorly,  and  like  the  maxillary  is  a 
thin  vertical  lamina.  The  lower  anterior  angle  is  truncated  by  an  acute 
concave  margin.  This  is  the  anterior  extremity  of  the  symphysis.  This 
suture  occupies  the  inner  face  of  a  triangular  area  which  extends  but  a 
short  distance  on  the  lower  margin  of  the  ramus,  and  then  passes  up- 
wards and  backwards  for  a  short  distance  on  the  inner  face  of  tht?  ramus. 
That  portion  above  the  symphysis  diverges  outwards,  thus  producing  a 
deep  notch  at  the  symphysis,  as  though  designed  to  receive  a  beak-like 
projection  of  the  premaxillaries.  The  cutting  edge  has  a  slight  sigmoid 
flexure  corresponding  with  that  of  the  maxillary  ;  it  rises  into  a  projecting 
angle. 

The  posterior  part  of  the  ramus  displays  the  cotylus,  and  in  front  of  it 
a  deep  long  fossa  behind  the  articular  bone.  There  is  no  angle  nor  coro- 
noid  bone,  as  in  all  marine  turtles.  The  superior  margin  of  the  dentary 
is  thicker  posteriorly  than  in  front,  and  its  outer  wall  is  produced  back- 
ward as  a  thin  lamina,  covering  the  surangular  almost  to  the  posterior 
end  of  the  ramus.  The  angular  is,  as  in  recent  forms,  a  narrow  wedge- 
shaped  piece  below  the  dentary  and  surangular.  The  posterior  edge  of 
the  surangular  projects  behind  the  dentary  and  exhibits  an  acute  convex 
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edge  rising  forward.  It  supports  a  small  part  of  the  articular  cotylus  on 
its  inner  face.  Most  of  this  portion  occupies  the  extremity  of  the  articu- 
lar. The  latter  sends  a  stout  lamina  obliquely  upwards  and  forwards  to 
the  lower  posterior  part  of  the  dentary. 

The  quadrate  bones  are  of  a  peculiar  form.  They  exhibit  the  usual  pos- 
terior curviture  above,  with  shallow  funnel-like  fossa  for  the  tympanic 
cavity.  It  presents  two  strong  ridges  anteriorly,  an  inner  and  an  outer 
which  encloses  a  deep  vertical  concavity.  The  inner  exhibits  the  sutura 
with  the  pterygoid  bone,  the  outer  with  the  zygomatic.  The  superior 
border  of  the  quadrate  within  the  sqaumosal  is  massive  and  not  inflated. 
Its  surface  is  thickest  where  the  usual  articulation  with  the  opisthotic 
exists.  The  posterior  horizontal  is  short  and  deep.  The  transverse  part 
of  the  bone  which  supports  inferiorly  the  exterior  part  of  the  condyle  is 
thin,  and  disappears  above  the  antero-posterior  portion.  From  its  middle 
upwards  it  supports  the  zygomatic.  The  latter  has  no  great  extent  an- 
teriorly to  its  malar  suture,  and  its  inferior  margin  arches  high  above 
the  line  of  the  condyles  of  the  quadrate. 

The  pterygoid  bones  are  subtriangular  in  outline,  with  concave  sides,  an 
omarginate  base,  and  a  very  obliquely  truncate  apex,  which  articulates 
low  down  on  the  quadrate  bone.  Both  margins  are  thickened  and  rounded, 
the  superior  as  boundary  of  the  foramen  ovale.  The  posterior  margin  of 
the  plate-like  columella  overlaps  it  on  the  inner  side,  deeply  notching  it ; 
on  the  outer  side,  the  suture  is  zigzag  and  transverse.  The  superior  part 
of  the  bone  is  produced  like  a  flat  rod,  and  at  its  end  exhibits  a  squamo- 
sal suture  for  union  with  what  is  in  the  snapper  a  postero-inferior  rod- 
like prolongation  of  the  columella.  No  such  process  of  the  columella 
appears  to  exist  in  this  species.  The  columellar  plate  is  half  as  large  as 
the  pterygoid,  and  exhibits  the  oblique  suture  in  front  for  the  descending 
lamina  of  the  parietal. 

The  postfrontal  bone  of  the  left  side  is  preserved  entire,  and  the  inferior 
portion  of  that  of  the  right.  The  inferior  margin  for  the  malar  is  the 
longest  and  is  straight.  The  orbit  is  excavated  in  part  from  its  anterior 
margin,  while  the  supero-posterior  is  a  continuous  curve.  The  inferior 
suture  is  a  groove,  whose  inner  bounding  wall  is  convex,  but  rises  past 
the  straight  outer  to  an  inner  ridge,  which  probably  approaches  the  ec- 
lopterygoid  region.  A  large  sutural  face  for  the  zygomatic  exists  at  the 
tower  posterior  angle,  and  an  elongate  one  above  for  the  parietal.  The 
inner  face  is  concave,  indicating  a  large  temporal  fossa  as  in  Sphargis  and 
GTielone, 

Two  bones  of  opposite  sides  of  the  cranium  are  either  those  portions  of 
the  pterygoids  which  bound  the  temporal  fossa  below  in  front,  or  those 
portions  of  the  maxillary  bounding  the  palatine  foramen.  As  the  free 
margin  is  much  thickened  they  are  probably  the  former.  Their  inner  or 
thinner  lamina  is  marked  for  squamosal  suture  with  other  bones,  perhaps 
columella  and  palatine. 

Measurements  of  Cranium.  M. 

Depth  premaxillary  suture  of  maxillary 0.06 

Length  from  do.  suture  to  inner  nares 068 
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Depth  maxillary  below  orbit 035 

"      dentary  at  symphysis 078 

"      notch  of  do.        do 044 

"      dentary  behind  symphysis 095 

"  "       at  coronoid  region 085 

'*      ramus  at  front  of  cotylus 061 

Length  pterygoid  fossa  of  do 06 

"      cotylus  do     07 

"      postfrontal  on  inferior  suture 195 

Depth        "  at  boundary  of  orbit 136 

Thickness  "  lower  suture 019 

Length  from  orbit  (oblique) 115 

Length  right  quadrate 140 

Width  (antero-posterior) 110 

"     of  condyle 064 

Length  right  pterygoid  superiorly 155 

Depth  do.  at  inner  columellar  angle 100 

Length  (obHque)  of  columella 085 

Bestoration,  Better  materials  exist  for  the  restoration  of  this  species 
than  is  usual  in  the  case  of  most  extinct  Testudinata,  The  cranium  was 
.50  M.,  or  24  J  inches  in  length.  If  the  neck  and  carapace  were  related  to 
it,  as  in  the  genus  Ghelone,  the  total  would  be  as  follows  : 

InoheB. 

Cranium 24| 

Neck  and  carapace 138| 

Total  12.83  feet 154J 

an  extent  not  far  from  the  expanse  of  the  flippers  above  given,  viz.,  11.30 
feet.  The  shortness  of  the  cervical  vertebrae  indicate  that  the  proportions 
of  the  neck  were  not  dissimilar  to  those  of  the  existing  marine  genera. 
The  flippers  were  probably  similar  to  the  same ;  of  the  hind  limbs  nothing 
can  now  be  stated.  The  shortness  of  most  of  the  ribs  considered  in  con- 
nection with  the  IcDgth  of  the  carapace,  is  remarkable.  Thus  the  long- 
est rib  measures  .51  M.  or  16  inches;  width  of  lateral  marginal  beyond 
apex  of  rib  2.25  inches  ;  width  of  vertebra  3  inches,  which  is,  however, 
covered  by  the  expansion  of  the  rib,  included  in  this  case  in  the  length 
16  inches.  Total  width  of  carapace  at  middle,  36J  inches.  Length  of 
carapace  118  inches  ;  or  wide  3  feet  J  inch ;  length  9  feet  10  inches. 
This  outline,  three  times  as  long  as  wide,  is  justified  in  measure  by  the 
size,  especially  the  lengths,  of  the  marginals,  which  if  placed  end  to  end, 
would  measure  on  one  side  of  eleven  pieces,  if  each  were  as  long  as  the 
median,  8.5  inches  X  H  —  7.8  feet.  Some  of  the  posterior  marginals  are 
shorter  than  8.5  inches,  while  some  of  the  anterior  appear  to  be  longer. 
The  length  8.5  may  then  be  taken  as  an  average.  But  they  formed  the 
circumference  of  an  open  arc,  so  the  axial  length  of  the  carapace  should 
be  placed  at  a  lower  figure  than  the  above.  This  proposition  may  be  oflf- 
setted  by  the  fact  that  the  marginals  were  not  united  to  each  other  and 
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exhibit  no  indications  of  contact.  The  length  of  7.8  feet,  for  the  cara- 
pace is  not  then  too  much,  and  estimating  from  the  size  of  the  head  is 
too  little.  We  can  then  safely  conclude  that  the  carapace  of  this  turtle 
is  more  elongate  and  narrowed  than  existing  forms.  Thus  in  Chelone 
my  das  the  carapace  is  six-eighths  as  wide  as  long. 

It  remains  to  discuss  the  question  of  the  age  of  the  specimen.  It 
might  be  objected  that  the  absence  of  carapace,  and  the  radiate  character 
of  the  margins  of  many  of  the  bones  indicate  that  our  type  specimen  is 
young.  To  this  it  may  be  replied  (1),  that  it  is  in  the  (?)  sternal  bones 
unlike  the  young  of  any  known  type,  when  certain  of  their  bodies  do  at 
all  times  exhibit  smooth  margins  as  boundaries  of  the  points  of  exit  of 
the  limbs ;  moreover,  it  is  possible  that  these  plates  were  dorsal.  (2i 
The  superior  or  inner  extension  of  the  marginals  exceed  that  of  any 
known  tortoise  in  the  adult  condition.  (3)  The  articular  bone  is  ossified. 
(4)  Separate  ribs  should  be  discovered  among  extinct  tortoises  as  an 
adult  character,  on  theoretical  grounds,  the  more  as  it  exists  in  one  re- 
cent genus  (Spliargis,  vide  Wagler). 

Affinities.  In  discussing  these,  one  point  heretofore  left  doubtful  may 
be  first  considered.  The  large  flat  elements  described  as  lateral  dermal 
bones  ;  are  they  ossifications  of  the  dorsal  or  ventral  integument?  They 
were  found  below  all  the  other  bones,  and  nearly  all  the  ribs  laid  on  them 
with  their  heads  turned  upwards.  This  rendered  it  probable  that  the 
shields  were  dorsal,  and  that  the  animal  was  entombed  on  its  back,  and 
a  coracoid,  which  was  afterwards  found  lying  immediately  on  the  largest 
bone  (No.  10),  crossed  in  its  course  parts  of  two  ribs.  This  could  not 
have  been  the  case  had  the  shields  been  ventral.  An  examination  of  the 
shields  does  not  reveal  any  conformity  to  any  known  type  of  Testudinate 
l>lastron.  The  bones  radiate  in  all  directions,  leaving  no  margins  for  fore 
and  hind  limbs,  or  for  a  median  fontanelle,  still  less  for  suture  with  each 
other. 

Should  these  bones  then  be  regarded  as  dorsal,  they  constitute  a  char- 
acter not  previously  noticed  in  the  order,  but  one  whose  homologue  is 
seen  probably  in  the  dermal  shield  of  bony  tesselated  plates  seen  in 
Sphargis.  The  other  points  of  affinity  to  Sphargis  are  the  distinct  ribs : 
the  thin  laminiform  jaws  with  cutting  edges ;  the  quadrate  bone  with 
such  a  strong  anterior  concavity  ;  the  elevated  position  of  the  zygomatic 
bone  ;  the  form  of  the  humerus.  Points  of  special  resemblance  to  Chelone 
are  :  the  short  posterior  superior  portion  of  the  quadrate  ;  the  ^entire 
edge  of  the  maxillary  bone  ;  the  deep  dentary.  The  points  in  which  h 
differs  from  both,  are  numerous.  They  are  :  the  dorsal  shields,  the  mar- 
ginals, the  notched  symphysis,  etc.  ;  the  shortened  articular  end  of 
scapula  ;  the  elongate  form  of  the  carapace,  etc. 

The  constant  separation  of  the  ribs,  and  the  short  vertebra9,  are  char- 
acters which  are  more  like  those  possessed  by  other  reptiles,  than  those 
characteristic  of  Testudinata.  The  presence  of  dermal  dorsal  bones  is 
of  the  same  kind.  The  genus  Protostega  then  belongs  near  the  Sphurg- 
ididm  in  the  suborder  AtheccB,  and  is  in  some  points  to  be  approximated 
to  the  CIielonididcB, 
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Distribution,  This  fossil  was  found  near  Ft.  Wallace,  W.  Kansas.  It 
was  entirely  recovered  by  excavating.  The  edges  of  one  of  the  large 
bony  shields  were  seen  projecting  from  a  bluff  near  Butte  Creek,  and  was 
followed  into  the  chalk  rock  with  pick-axe  and  shovel  with  the  result 
already  indicated.  The  large  bones  were  exposed  in  an  entire  condition, 
but  were  much  fractured  in  the  attempt  to  lift  them  from  their  bed. 
Though  carefully  packed,  the  transport  of  1500  miles  still  further  injured 
them,  and  the  portions  described  were  reconstructed  of  over  800  pieces 
by  myself.  One  of  the  bony  plates  was  broken  into  108  pieces,  the  ribs 
into  183,  the  marginals  into  146,  etc. 

This  species  may  be  called  Protostega  gigas,  Cope.  *  A  second  species  ap- 
pears to  have  existed  during  the  Cretaceous  period,  as  indicated  by  a 
humerus  from  near  Columbus,  Miss.,  sent  by  Dr.  Spillman  to  the 
Academy  of  Natural  Sciences.  With  it  were  received  bones  of  the 
Mosasauroid  Platecarpus  tympaniticus,  and  Dr.  Leidy,  who  described 
them,t  regarded  all  as  belonging  to  one  animal.  On  this  basis  he  ex- 
pressed the  opinion  that  the  fore  limbs  of  the  Pythonomorpha  were 
natatory.  That  this  view  was  correct  I  proved  by  study  of  the  skeleton 
of  CUdastes  propython,  and  it  now  appears  that  the  fore  limbs  of  the  latter 
were  the  first  ever  described. 

The  humerus  of  the  Mississippi  Protostega  (see  Leidy,  1.  c,  PI.  viii.. 
Fig.  1-2)  is  more  elongate  than  that  of  the  P.  gigas,  and  is  less  contracted 
medially.  The  (great  trochanter  or)  deltoid  crest  is  longer  and  stouter, 
and  the  process  answering  to  the  little  trochanter  is  more  prominent, 
rounded,  and  proximal  in  position.  It  indicates  a  rather  smaller  animal 
than  the  Kansas  specimen,  and  may  be  named  Platecarpus  tuberosus. 

A  third  species  is  represented  by  a  humerus  found  in  the  cretaceous 
green-sand  of  New  Jersey.  It  was  a  huge  animal,  exceeding  not  only 
the  species  just  described,  but  even  the  Indian  Colossochelys  atlas. 
usually  regarded  as  the  largest  of  the  order.  It  was  regarded  by  Leidy 
as  pertaining  "to  the  great  Mosasautus,^^  but  Agassiz  regarded  it  as 
Chelonian  in  affinities,  naming  it  Atlantochelys  mortonii.X  Its  great 
trochanter  is  fery  prominent,  as  in  P.  tuberosus,  but  the  lesser  one  is 
smaller  and  nearer  the  condyle  or  head.  The  shaft  is  still  more  slender 
and  not  flattened,  but  subcylindric.  It  may  be  called  Protostega  neptunia. 
It  is  figured  by  Leidy,  1.  c.  PI.  viii.  fig.  3,  4.  In  this  connection  may  be 
recalled  the  vertebrae  of  a  gigantic  animal  from  the  New  Jersey  Cre- 
taceous, described  by  the  writer  as  belonging  to  an  extinct  species  and 
genus  under  the  name  of  Pneumatarthrus  peloreus.  It  is  quite  likely 
that  these  belonged  to  a  turtle  still  larger  than  the  Protostega  neptunia, 
(See  Proceed.  Amer.  Philos.  Soc,  1870,  p.  446.) 

♦Proceed.  Amer.  Philos.  Soc.  1871,  p.  173. 

t  Cretaceous  Beptiles  of  North  America,  p.  42.    Smithson,  Contrib.  1864. 
t  This  name  was  unaccompanied  with  the  necessary  description,  and  is  hence  useless  to 
science, 
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Stated  Meeting,  March  15,  1872. 

Present,  12  members. 

Vice-President,  Mr.  Traley,  in  the  Chair. 

Prof.  Edwin  J.  Houston,  a  newly  elected  member  was  pre- 
sented to  the  presiding  officer  and  took  his  seat. 

Photographs  for  the  album  were  received  from  Mr.  George 
Davidson,  U.  S.  Coast  Survey,  and  from  Prof.  0.  C.  Marsh, 
of  New  Haven. 

A  letter  requesting  exchange  of  publication  was  received 
from  Prof.  C.  F.  Chandler.  Editor  of  the  American  Chemist, 
dated  School  of  Mines  of  Columbia  College,  corner  of  49th 
St.  and  Fourth  Avenue,  New  York,  March  12, 1872.  On 
motion,  the  American  Chemist  was  ordered  to  be  placed  on 
the  list  of  correspondents,  to  receive  the  Proceedings. 

A  circular  letter  was  received  from  the  Royal  Academy  of 
Sciences  of  Belgium,  inviting  the  Society  to  assist  at  its 
Centennial  Anniversary,  May  28th  and  29th  next  ensuing. 

Letter  of  envoy  were  received  from  the  P.  0.  Society  at 
Konigsberg,  dated  July  10, 1871,  and  from  the  Central  Bu- 
reau of  Statistics  at  Stockholm,  dated  Nov.  4, 1871. 

Letters  of  acknowledgment  were  received  from  the  Central 
Bureau  of  Statistics  at  Stockholm  (81  to  85).  Le  Bureau  des 
Longitudes,  at  Paris,  dated  Nov.  19, 1871  (82, 83);  Feb.  14, 
1872  (86).  The  Smithsonian  Institute,  Feb.  28, 1872  (87), 
and  the  Congressional  Library,  March  5,  1872  (3^IV  iii.). 

Donations  for  the  Library  were  received  from  the  C.  B.  of 
Statistics  of  Sweden,  the  Society  at  Konigsberg,  the  Royal 
Academy  at  Berlin,  the  K.  K.  Geological  Institute  and 
Anthropological  Society  at  Vienna,  the  Royal  Library  at 
Munich,  the  Montsouris  Observatory  and  Bureau  des  Logi- 
tudes  at  Paris,  the  Revue  Politique,  the  Royal  Geological 
Society  of  Cornwall,  the  Museum  of  Comparative  Zoology  at 
Cambridge,  Mass.;  the  American  Journal  of  Science,  the 
New  York  Lyceum  of  Natural  History,  the  Albany  Insti- 
tute, Prof.  Chandler,  the  New  Jersey  Historical  Society,  the 
American  Pharmaceutical  Society,  the  Medical  News  and 
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Library,  the  Franklin  Institute,  the  Penn  Monthlj 
brarian  of  Congress,  the  Chief  of  U.  S.  Engineers 
Charles  Sumner,  and  Prof.  F.  V.  Hay  den. 

The  death  of  Christian  Olrik,  of  Denmark,  a  m 
the  Society,  was  announced  by  the  Secretary. 

The  committee  to  which  was  referred  the  paper 
Stevenson,  on  West  Virginia  Coal  Measures,  repon 
vor  of  its  publication  in  the  Transactions,  which  o 
was  so  ordered. 

A  communication  entitled.  On  some  remarkable 
between  the  mean  motions  of  Jupiter,  Saturn,  JJn 
Neptune,  received  by  letter  from  Prof.  Daniel  K 
dated  Bloomington,  Monroe  County,  Ind.,  March 
was  read  by  the  Secretary. 


On  some  Rbmabkable  Relations  between  the  Mean  M 
Jupiter,  Saturn,  Uranus,  and  Neptune. 

By  Prof.  Daniel  Kirkwood. 

{Read  before  the  American  Philosophical  Society,  March  Ibt 

It  was  noticed  by  the  writer  several  years  since,  that  85 
Jupiter  are  nearly  equal  to  12  of  Uranus,*  and  that  149  periods 
are  approximately  equal  to  76  of  Neptune.  If,  therefore,  n^,n 
n^iii  denote  the  respective  mean  motions  of  Jupiter,  Saturn,  U 
Neptune,  these  relations  are  expressed  as  follows  : 

127iv  —  85V1I  —  76vii  —  149viii,  nearly ; 
or,  12wv  —  IGlwvil  +  149wvili  —  —  ^^       .       .       . 

With  Newcomb's  value  of  nviii  and  the  values  of  n^  and  n' 
in  the  American  EphemeriSy  we  find  y  —  390".     The  equation, 

327ivi  _  153nvil  +  12l7ivill y 

was  obtained  by  a  process  somewhat  similar.     Subtracting  {i 
and  dividing  by  4,  we  have 

3»v  _  87ivi  —  27ivil  +  Twviil  ».  0 

This  equation,  like  that  which  exists  between  the  mean 
Jupiter's  first  three  satellites,  is  doubtless  exact.     The  mean 
Neptune  is  less  accurately  known  than  those  6i  the  old  plant 
assume,  then,  that  the  received  values  of  wv,    n^i,  wvi*,   a 

•  Rankle* 8  Mathematical  Monthly,  January,  1860, 

t  Equation  (3),  without  any  account  of  its  discovery,  was  giyen  in  Sillim 
March,  1872. 
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the  value  of  nvlll,  found  by  equation  (3),  is  7863''. 983,  diifering  from  New- 
comb's  value  (7864".935)  by  less  than  1". 

The  corresponding  relations  between  the  mean  longitudes  of  the  four 
outer  planets  are  sufficiently  obvious.     Thus, 

ZlY  _  sm  _  2l^\i  -f  7?vlii  —  X  —  a  constant    .         .        .     (4). 

With  a  slight  correction  of  the  elements,  it  will  probably  be  found  that 
X  -  13rp. 
Again  :  the  equation, 

17wvl  —  228»vii  -f  211wvlil  —  0, 

found  in  the  same  manner  as  (1),  is  believed  to  be  exact, 
and  (5),  we  obtain 

68;ivl  _  325rivil  -|-  257nvlli  --  0, 
257/iv  _  844?ivi  -I-  587wvil  «  o, 
325WV  —  9127ivi    -f  5877iviii  «.  o. 

These  equations  indicate  that  in  a  cycle  of  about  11657.2969  Julian 
years,  the  planets  Jupiter,  Saturn,  Uranus,  and  Neptune  return  to  the 
same  relative  mean  longitudes.  The  equations  are  all  satisfied  by  the 
following  values.  The  received  values  are  given  for  the  convenience  of 
comparison.    In  column  first  df'  ^    1296000" 

^  11657.2989  ' 


.         .     (5). 
Combining  (3) 

.  (6), 
.  (7), 
.     (6). 


r 
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tiy  — 109256''.719 

Tivi   —Tiv  — 587r—      43996.971 
I      Tivli  —  Tiv  —  844r  —      15424986 
nviii  —  Tiv  —  912r  —        7865.083 


KECEIVED 
VALUES. 


109256'^719 

43996.127 

15424.509 

7864.935 


DIPPEBENCES. 


0^^000 

+0^^844 

+0^^477 
+0'M48 


The  received  value  of  Jupiter's  mean  motion  is  here  assumed  to  be 
correct.  Any  change  would  produce  a  corresponding  variation  in  the 
remaining  values.  A  revision  of  the  theory  of  the  orbits  will,  of  course, 
result  in  some  slight  modifications.  I  believe,  however,  that  the  relations 
expressed  by  the  preceding  equations  will  be  found  strictly  exact.  If  so, 
it  must  follow  that  no  three  of  the  four  outer  planets  can  ever  be  in  con- 
junction at  the  same  tim^. 

Bloomington,  Ind.,  February,  1872. 
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Stated  31eeting^  April  5, 1872. 

Present,  21  members. 

Vice-President,  Prof.  John  C.  Cresson,  in  the  Chair. 

Letters  of  acknowledgment  were  received  from  the  Royal 
Academy,  Lisbon,  Feb.  16,  1872  (XIIL  iii.  81,82);  The 
Royal  Institution,  London,  Feb.,  1872  (XIV.  iii.  87— XIV. 
ii.  wanted);  The  Anthropological  Institute  of  Great  Britain 
and  Ireland,  London,  March  21,  1872  (XIV.  iii.  87);  and 
the  New  York  Lyceum,  N.  II.,  March  25, 1872  (XIV.  iii.). 

Letters  of  envoy  were  received  from  the  U.  S.  Naval  Ob- 
servatory, Washington,  March  25, 1872,  and  the  New  Jer- 
sey Historical  Society,  Newark,  March  30, 1872. 

Donations  for  the  Library  were  received  from  the  Russian 
Geographical  Society,  the  R.  Prussian  Academy,  the  R.  Bel- 
gian Academy,  the  Paris  Geographical  Society  and  Revue 
Politique,  the  Royal  Astronomical  Society,  Meteorological 
Office,  and  Editors  of  Nature;  the  Argentine  Astronomical 
Observatory,  American  Antiquarian  Society,  Essex  Institute, 
Boston  Old  and  New,  American  Journal  of  Science,  Ameri- 
can Chemist,  Prot.  James  Hall,  New  Jersey  Geological  Sur- 
vey, New  Jei'sey  Historical  Society,  Philadelphia  Water 
Department,  American  Journal  of  Pharmacy,  Gen.  Hector 
Tyndale,  the  Franklin  Institute,  U.  S.  Naval  Observatory, 
and  Minnesota  Historical  Society. 

Mr.  Sol.  W.  Roberts,  pursuant  to  ai)pointment,  read  an 
obituary  notice  of  the  late  Mr.  Edward  Miller. 

The  death  of  Mr.  Samuel  Jackson,  on  the  4th  instant,  in 
Philadelphia,  aged  85,  was  announced  by  Mr.  Fraley. 

The  death  of  Dr.  Samuel  II.  Dickson,  on  the  31st  ult.,  in 
Philadelphia,  aged  72,  was  announced  by  Mr.  Fraley. 

The  death  of  Mr.  El  wood  Morris,  on  the  2d  inst.,  aged  59, 
was  announced  by  Mr.  Roberts. 

The  death  of  Prof.  S.  F.  B.  Morse,  on  the  3d  inst.,  aged 
81,  was  announced  by  Prof.  Cresson. 

Mr.  T.  B.  Brooks,  State  Geologist  of  Michigan,  read  a 
paper  on  ''  Magnetism  of  the  Rocks  of  the  Marquette  Re- 
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gion,"  near  Lake  Superior,  which  was  referred  to  a  Commit- 
tee, consisting  of  Prof.  Lesley,  Dr.  Genth,  and  Mr.  Lyman. 

Mr.  Eli  K.  Price  presented  for  record  a  notice  of  the 
Aurora  of  February  4th. 

Mr.  Cliase  communicated  a  note  of  new  relations  between 
the  distances  of  the  Moon  from  the  Earth,  and  those  of 
Jupiter  and  the  Earth  from  the  Sun. 

Pending  nominations,  l^os.  689,  690,  691,  692,  were  read, 

And  the  meeting  was  adjourned. 


Stated  Meeting^  April  19th,  1872. 

Present,  25  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter,  acknowledging  receipt  of  Diploma,  was  received 
from  Major  R.  S.  Williamson,  U.  S.  C.  S.,  San  Francisco, 
April  10th,  1872. 

A  letter,  acknowledging  the  receipt  of  Transactions  XIV. 
iii.,  and  Proceedings  l^o.  87,  was  received  from  the  London 
Society  of  Antiquaries,  Somerset  House,  March  28th,  1872. 

Donations  for  the  Library  were  received  from  Dr.  Carl 
I^'euman,  of  Leipzig ;  SS.  Mantegazza  and  Finzi,  of  Florence 
(Archivis  Anthro.  e  Eth.);  M.  Delesse,  of  Paris;  the  Revue 
Politique,  London  Ifature,  R.  Geological  Society  of  Ire- 
land, Rev.  Samuel  Houghton,  the  Boston  Society  of  Natural 
History,  American  Ifumismatic  and  Archaeological  Society, 
Prof.  0.  C.  Marsh,  of  Ifew  Haven;  American  Journal  of  the 
Medical  Sciences,  l^ews  and  Library,  Penn  Monthly,  Ameri- 
can Iron  and  Steel  Association,  Dr.  Elder,  Mr.  Eli  K.  Price, 
Mr.  George  Davidson,  the  Coast  Survey,  Smithsonian  Insti- 
tution, and  University  of  Virginia. 

Prof.  J.  F.  Fisher  mentioned  the  death  of  the  distin- 
guished Genevan,  M.  Pict6t  de  la  Rive. 

The  Committee  to  which  was  referred  the  map  and  paper 
on  a  Coal  District  in  Southern  Vir^ginia,  reported  recom- 
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mending  the  publication  of  the  same  in  the  Transactions ; 
which  was  so  ordered. 

The  Committee  to  which  was  referred  the  paper  on  the 
Magnetism  of  Rocks,  &c.,  by  Major  T.  B.  Brooks,  reported 
that,  since  the  Legislature  of  Michigan  had  recently  made 
an  appropriation  for  the  publication  of  the  whole  Report  of 
the  Survey  of  Major  Brooks'  District,  they  recommend  that 
the  Secretaries  be  requested  to  prepare  an  abstract  notice  of 
the  paper  for  the  Proceedings.  The  report  was  concurred 
in. 

Prof.  Chase,  according  to  notice  given,  gave  an  explana- 
tion of  his  method  of  estimating  the  Sun's  mass  and  dis- 
tance by  the  energy  of  flames,  with  diagrams  and  tables. 

Prof.  Persifor  Frazer,  Jr.,  communicated  the  results  of  his 
spectroscopic  observation  of  the  late  Aurora. 

Dr.  R.  E.  Rogers  exhibited  the  capacities  of  a  fine  Iloltz 
Electrical  Machine,  and  described  his  proposed  modification 
of  its  form  for  purposes  of  instruction. 

The  prime  plate  is  replaced  by  horizontal  plates,  laid  upon  wine  glasses, 

or  upon  removable  rubber  stand- 
OK»d^firmefff0Hg£l€ciru^JKtu»Auu,      ^^^^*     "^^^^^  rotating  plate  is  made 
^f^jrx^Mua».  ^  to  rotate  horizontally  over  them, 

its  axis  passing  vertically  down- 
ward through  the  table,  the  driving 
wheel  being  underneath.  Two 
standards  carry  the  combs,  etc., 
and  can  be  swung  round  out  of  the 
way.  Every  part  of  the  machine 
can  be  removed  in  a  charged  state, 
to  be  tested  and  compared  with  its 
condition  before  removal. 

The  Secretary  exhibited  a  water-color  picture  of  a  geo- 
logical sectional  model  of  Morrison's  Cove,  in  Middle  Penn- 
sylvania, painted  by  Mr.  J.  AV.  Ilarden,  C.  and  M.  Engineer, 
of  Philadelphia,  and  invited  attention  to  the  highly  artistic 
style  and  beauty  of  the  work. 

Pending  nominations,  Nos.  689  to  692  were  read,  spoken 
to,  and  balloted  for.  New  nominations,  Nos.  693  and  694, 
were  read.     There  being  no  further  business,  the  ballot-boxes 
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were  scrutinized  by  the  presiding  officer,  and  the  following 
gentlemen  declared  duly  elected  Members  of  the  Society: 

M.  Jean  Baptiste  Leon  Say,  Prefect  of  the  Seine,  Paris. 

Mr.  Lorin  Blodget,  of  PhiladeljJiia. 

Dr.  D.  Hayes  Agnew,  of  Philadelphia. 

Mr.  Adolph  E.  Borie,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  May  M^  1872. 

Present,  18  members. 

Vice-President,  Prof.  Cresson,  in  the  Chair. 

I  A  letter  accepting  membership  was  received  from  Dr.  D. 
Hayes  Agnew,  dated  1611  Chestnut  Street,  Philadelphia, 
April  22,  1872. 

A  Circular  Letter,  signed  by  the  Mayor  of  Strasburg  and 
others,  requesting  donations  to  the  Municipal  Library  of 
that  city,  destroyed  August  24,  1870,  was  read. 

On  motion,  the  request  of  Prof.  Stevenson,  to  print  a  note 
to  his  Alemoirs  in  the  Transactions,  was  granted. 

Donations  to  the  Library  were  announced  from  the  Royal 
Academies  at  Berlin  and  Brussels,  the  Geographical  Society 
and  Political  Review  of  Paris,  London  Nature,  the  Canadian 
Naturalist,  Old  and  New,  Silliman's  Journal,  American 
Chemist,  Prof.  Mayer,  the  Franklin  Institute,  College  of 
Physicians,  Pennsylvania  Historical  Society,  and  Dr.  Hay  den. 

The  death  of  John  P.  Brown,  a  member  of  the  Society,  at 
Constantinople,  on  the  28th  ult.,  was  announced  by  the 
Secretary. 

The  death  of  Dr.  W.  W.  Gerhard,  a  member  of  the  So- 
ciety, at  his  residence,  1206  Spruce  Street,  Philadelphia, 
April  28th,  aged  63,  was  announced  by  the  Secretary. 

Dr.  Rogers  explained  to  the  members  present  his  improved 
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Galvanic  Battery;  and  also  an  improved  method  of  analyzing 

irons  and  steels  for  their  contained  carbon,  by  the  use  of 

bichromate  of  potassium: 

The  wood-cut  represents  a  trough,  on  which  stands  the  battery  of  cups. 

A  pair  of  tubes  descend  from  each 
Jfiw/wTM^  ga^ranic  ^Satimy,  tfXZMiyimJ/^.     cup,  through  the  lid  of  trough,  into 

the  liquids.  The  trough  is  divided 
lengthwise  by  a  diaphragm.  The 
tubes  of  each  pair  descend  one  on 
each  side  of  the  diaphragm.  The 
lid  of  the  trough  is  made  air-tight, 
by  the  following  an*angement :  A 
groove  is  sunk  in  the  upper  edge  of 
of  the  four  walls  of  the  trough,  and  a  bead  to  fit  the  groove  runs  round 
the  under  side  of  the  lid  near  the  edge.  The  groove  being  half  filled 
with  mercury,  the  joint  is  kept  air-tight  by  the  weight  of  the  lid  and  bat- 
tery. An  India-rubber  pipe  enters  the  trough,  and  the  breath  (or  a  bel- 
lows) is  sufficient  to  cause  the  liquids  to  ascend  into  the  cups  of  the  bat- 
tery during  work.  After  work,  the  cork  is  withdrawn  from  the  mouth- 
piece of  the  India-rubber  tube,  and  the  liquors  fall  back  into  the  trough. 
The  lid  and  battery  can  then  be  removed  and  washed. 

Mr.  Lesley  described  the  faulted  structure  of  the  district 
around  Embreeville,  in  East  Tennessee ;  and  exhibited  a 
suite  of  European  iron  ores,  owned  by  Mr.  Thomas  Graham, 
and  another  of  the  ores  of  N'orth  Carolina. 

Prof.  Cope  described  the  sightless  fauna  of  the  Mammoth, 
Wyandotte,  and  other  Caves. 

Pending  nominations,  N'os.  693,  694,  695,  were  read, 

And  the  meeting  was  adjourned. 


Stated  Meeting^  May  Vlih^  1872. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Pro- 
fessor Guillaume  Lambert,  dated  Bruxelles,  Rue  Traversi^re, 
No.  78,  April  30, 1872, 

A  letter  acknowledging  receipt  of  Transactions,  XIV.,  i.  ii., 
and  Proceedings,  78-85,  was  received  from  Professor  Paolo 
Volpicelli,  dated  del  Campidoglio,  Roma,  Reale  Ace.  d. 
Lincei,  December  12, 1871. 
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Donations  for  the  Library  were  received  from  Qehe  &  Co., 
of  Dresden,  the  Revue  Politique,  London  Nature,  the  R.  As- 
tronomical Society,  Cambridge  Museum  of  Comi)arative 
Zoology,  Boston  Society  of  Natural  Sciences,  Buftalo  Young 
Men's  Association,  Dr.  Geo.  B.  Wood,  Mr.  Sol.  W.  Roberts, 
the  Medical  News,  Penn  Monthly,  Petroleum  Monthly, 
Wilmington  Institute,  and  U.  S.  Corps  of  Engineers. 

Professor  Chase  exhibited  an  annual  Auroral  Curve  and 
explained  its  relations  to  the  periodic  maxima  and  minima  of 
meteoric  displays,  &c. 

Professor  Chase  exhibited  a  drawing  to  illustrate  the 
capacity  of  Mr.  Holman's  pen  to  draw  continuous  lines  of 
any  length  and  thickness. 

Professor  Chase  then  gave  in  tabular  form,  various  recently 
calculated  planetary  relationships. 

Dr.  Rodgers  described  his  manner  of  obtaining  an  unlim- 
ited supply  of  electricity  by  the  steam  jet  from  a  high- 
pressure  boiler,  not  insulated,  and  in  all  weathers. 

This  gave  rise  to  a  discussion  of  electrical  phenomena 
(luring  volcanic  eruptions  and  earthquakes. 

Pending  nominations,  Nos.  693  to  695,  and  new  nomina- 
tion, Xo.  696,  were  read, 

And  the  meeting  adjourned. 


Stated  Meeting^  June  21, 1872. 

Present,  8  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Photographs  for  the  Album  were  received  from  Dr.  Ed. 
Jarvis  of  Dorchester,  Mass.,  Dr.  Elisha  J.  Lewis  of  Philadel- 
phia, and  Judge  W.  H.  Lowrie,  of  Meadville,  Pa. 

A  letter  accepting  membership  was  received  from  M.  Leon 
Say,  dated  Paris,  10th  May,  1872. 

Letters,  acknowledging  receipt  of  publications,  were  re- 
ceived from  the  Hungarian  Academy,  May  4, 1872  (XIIL, 
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3 ;  XIV.,  1,  2:  81-86);  Herr  G.  Von  Frauenf^ld,  Vienna, 
12, 1871  (82);  Astronomical  Society,  Leipsic,  February  20, 
1872(86);  Royal  Library,  Berlin,  March  1,1872(86) ;  Royal 
Society,  Gottingen,  January  10,  1872  (XIV.,  1,2:  83,84, 
85) ;  Royal  Academy,  Lisbon,  October  5, 1871  (XIV.,  1 :  83, 
84,  85);  and  the  Smithsonian  Institution,  Washington,  May 
4, 1872  (XIV.,  3). 

Letters  of  envoy  were  received  from  the  R.  Society,  Got- 
tingen, January  10,  1872;  the  Central  Statistical  Bureau, 
Stockholm,  April  8,  1872;  Royal  Saxon  Society,  Leipsic, 
October  31,  1871;  Dr.  Edward  Jarvis,  Dorchester,  Mass., 
June  12,  1872;  and  the  U.  S.  War  Department,  Signal  Ser- 
vice Officer  Albert  J.  Meyer,  May  31,  1872. 

Donations  for  the  Library  were  received  from  Dr.  Ed. 
Jarvis;  also,  from  the  Swedish  Central  Statistical  Bureau, 
Russian  Academy,  Dorpat  Observatory,  Moscow  Society  of 
Naturalists,  Austrian  Geological  Institute,  Prussian  Acad- 
emy, Saxon  Society,  Lausitz  Magazine,  Gottingen  Society, 
Zoological  Garden  at  Frankfort,  Vaudoise  Society,  Geo- 
logical Committee  of  Italy,  Montsouris  Observatory,  French 
Geographical  Society,  M.  M.  Delesse  &  Laparent,  National 
Society  of  Antiquarians  (Paris),  Anthopological  Society,  So- 
ciety of  Acclimatation,  Bureau  des  Ponts,  &c..  Revue  Poli- 
tique, Bordeaux  Society  of  Sciences,  London  Royal  Society, 
Royal  Institution,  Astronomical  Society,  Meteorological  Com- 
mittee, Chemical  Society,  Entomological  Society,  Cobden  Club, 
Sir  Henry  Holland,  Nature,  Royal  Society  Dublin,  Rev.  L. 
Haughton,  Essex  Institute,  Massachusetts  State  Library, 
Boston  Public  Library,  Old  and  New,  Silliman's  Journal, 
Professor  0.  C.  Marsh,  American  Chemist,  Professor  B.  C.  E. 
Anthon,  Professor  James  Hall,  Franklin  Institute,  College 
of  Pharmacy,  Medical  News,  Penn  Monthly,  Isaac  Lea,  J. 
C.  Cresson,  Lorin  Blodget,  the  Secretary  of  the  Interior, 
Census  Bureau,  Signal  Service  Bureau,  and  the  California 
Academy  of  Sciences. 

Dr.  Emerson  desired  to  have  placed  on  record  the  destruc- 
tion of  Norway  Fir,  Arbor  Vitse,  and  Osage  Orange,  as  far 
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south  as  the  latitude  of  Philadelphia,  either  by  cold  or  long 
drought,  or  both. 

Professor  Trego  gave  an  account  of  the  destruction  in 
Gerraantown. 

Mr.  Blodgett  added  his  notes  of  the  Meteorology  of  March 
5th,  6th  and  7th,  during  which  a  cold,  dry  gale  prevailed,  to 
which  he  ascribed  the  loss  of  these  plants.  Fruit  trees^ 
when  their  time  for  flowering  arrived,  showed  an  inability 
to  blossom  for  sevei  al  weeks,  as  if  paralyzed ;  the  dryness 
of  the  gale  of  March  seemed  to  have  exhausted  the  sap. 
Many  of  the  Wliite  Pines  of  the  Alleghany  Mountains  were 
also  killed. 

Pending  nominations,  Nos.  693  to  696,  and  new  nomina- 
tion, 697,  were  read, 

And  the  meeting  was  adjourned. 


Note  on  a  fine  Upthbow  Fault  at  Embreeville  Fubnace  in 
East  Tennessee. 

By    J.   P.    Lesley. 

{Bead  before  the  American  Philosophical  Society,  May  M,  1872. 

In  a  late  visit  to  the  works  at  Embreeville,  on  the  Nolichuckee  River, 
in  Washington  County,  East  Tennessee,  I  made  a  compass  and  barometer 
survey  of  the  river  valley  and  Bom  pas  Cove,  connecting  the  Furnace  with 
its  flux  quaiTy  and  ore  banks,  tram  road,  washing  ground,  slack-water 
channel,  etc.,  which  will  be  found  delineated  on  the  accompanying  map, 
drawn  on  a  scale  of  4,000  feet  to  the  inch,  with  contour  lines  of  20  feet 
elevation  to  express  the  topography.* 

*  The  accompanying  map  was  hastily  sketched  for  reproduction  by  Mr.  Bien^s  photo-litho- 
graphic process.  It  merely  shows  the  character  of  the  topography  of  a  portion  of  the  property. 
Bat  it  is  accurate  so  far  as  regards  tlie  course  of  the  river,  the  hills  which  enclose  it,  the  sand- 
rock  outcrops,  the  north  end  of  Bompas  Cove,  the  grade  contours  of  the  railway  and  ravines, 
the  elevation  of  the  mines.  &c.  All  the  rest,  including  the  heights  and  contours  of  the  moun- 
tains, must  be  considered  merely  approximations  to  the  truth.  The  contour  lines  represent 
elevations  of  20  feet  successively  above  tide-water,  commencing  at  about  2, 000  feet.  The  sec- 
tion below  the  map  represents  the  geology  along  the  river,  above  and  below  the  Furnace.  The 
scale  was  originally  1,000  feet  to  the  inch.  It  was  photographed  down  to  3,000  to  make  a  plate. 
That  plate  was  lost  in  the  fire  which  rendered  a  second  edition  of  this  Number  of  the  Proceed- 
ings necessary.  An  original  copy  from  the  first  plate  was  then  photographed  down  to  4, 000 /erf 
to  the  inch,  to  make  the  present  plate. 
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Scale  mo  ft  to  the  inch. 
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The  Fui'nace  stands  m  the  gap  which  the  Nolichuckee  makes  through 
the  last  range  of  mountains  on  its  way  out  from  the  North  Carolina  High- 
lands to  the  Great  Limestone  Valley  of  East  Tennessee.  A  double  rib 
of  massive  sandrock  here  forms  a  natural  dam  and  mill-race,  affording 
unlimited  water-power,  protected  by  projecting  fragments  of  the  sand- 
rock  outcrop  from  the  most  violent  freshets.  It  is  a  scene  of  i*are  beauty, 
and  a  remarkably  favorable  location  for  any  kind  of  industry  requiring 
power.  A  broad  terrace  affords  ample  room  for  several  furnaces  and  their 
dependent  outworks,  a  village,  mills  of  different  kinds,  and,  in  fact,  for  a 
Rolling  Mill  of  the  first  class. 

At  present  there  stands  here  one  Furnace,  of  small  size,  making  6;^  (six 
and  a  quarter)  tons  of  metal  per  day  at  the  time  of  my  visit,  a  saw  mill, 
an  ochre  mill,  a  village,  store,  church,  and  Superintendent's  mansion. 

A  rope-feiTy  communicates  with  the  State  Koad  on  the  opposite  shore. 
Jonesborough — the  capital  of  the  county,  and  oldest  settlement  in  the 
State,  on  the  East  Tennessee,  Virginia  and  Georgia  Railroad,  32  miles 
from  Bristol,  98  from  Kiioxville,  210  from  Chattanooga,  236  from  Lynch- 
burg, 440  from  Norfolk,  and  391  from  Richmond — is  eight  (8)  miles 
distant  from  the  furnace  by  this  State  Road.  A  railway  could  be  made 
without  difficulty  over  these  eight  miles,  along  smooth  vales  of  limestone 
land,  which  head  up  towards  Jonesborough.  My  barometer  along  the 
State  Road  gave  me  200,  300  and  340  feet  as  the  summit  elevations  above 
the  river  at  the  ferry.  The  intervals  were  from  50  to  100  feet  lower. 
Railroad  grade  at  Jonesborough  was  something  under  200  feet  above  the 
ferry.  A  line  might  be  located  with  maximum  gradients  of  50  feet  to 
the  mile,  and  with  little  or  no  cutting  and  filling,  except  for  the  first  half 
mile  below  the  furnace  in  the  gap.  Ten  or  twelve  thousand  dollars  a 
mile  ought  to  be  quite  sufficient  to  build  the  road.  The  bridge  at  the 
Furnace  would  be  200  feet  long,  but  would  need  no  piers,  nor  abutments: 
these  being  provided  by  nature  in  the  shape  of  colossal  sandrock  outcrops 
rising  fifty  feet  above  the  river  bed. 

The  metal  made  at  the  Furnace  goes  chiefly  to  the  Tredegar  Works  at 
Richmond,  400  miles  from  the.Furnace,  costing  $3.25  a  ton  to  haul  to  Jones- 
borough, in  the  present  state  of  the  roads.  In  dry  seasons,  the  limestone 
roads  become  smooth  and  hard. 

Up  the  river  to  the  south  and  east,  locked  in  among  hills  of  irregular 
trend,  steep  slopes,  and  bluffs  of  crumbling  rock,  from  600  to  1,000  feet 
high,  lie  two  limestones  coves  :  Bompas  Cove,  drained  by  Bompas  Creek, 
fiowing  north  into  the  river  at  the  Furnace  Washing  ground,  two  milefe 
from  the  works  ;  and  Greasy  Cove,  drained  by  streams  fiowing  southwest- 
ward  to  the  river,  and  about  six  miles  from  the  works. 

Bompas  Cove  is  an  oval  valley  three  or  four  miles  long,  by  one  and  a- 
half  wide  at  its  widest  part,  surrounded  by  mountains  about  a  thousand 
feet  high,  on  the  inner  slopes  of  which  rest  terraces  or  hill-spurs  of 
decomposed  limestone  (Lower  Silurian)  holding  masses  of  brown  hematite 
iron  ore  of  two  varieties ;  the  lower  series  (and  outer,  or  closer  up  to  the 
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mountain  wall)  being  silicious  and  cold-short,  and  the  upper  series  being 
argillaceous  and  red-short.  The  cove  is  nearly  encircled  by  the  cold-short 
deposits,  which  have  been  opened  in  a  number  of  places,  and  a  good  deal 
mined,  towards  the  head  of  the  cove,  for  an  old  furnace  further  south. 
The  red-short  hematites  are  extensively  spread  out  more  in  the  middle  of 
the  cove,  where  they  are  capped  by  lead-bearing  members  of  the  Lime- 
stone formation. 

There  are  a  few  fertile  farms  in  the  cove  ;  but  an  uninterrupted  forest 
covers  all  the  mountain  country  around  it,  most  of  which  is  included 
within  the  limits  of  the  estate. 

Greasy  Cove  is  a  large  and  nearly  level  limestone  plain,  moi*e  than 
twenty  miles  long  by  five  miles  wide,  similarly  surrounded  by  shale 
and  sandstone  hills  nearly  1,000  feet  high  and  backed  by  the  State  Line 
Range  of  the  Unaka  ( Sub  Silurian )  Mountains  more  than  twice  as  high. 
The  Nolichuckee  enters  this  cove  from  the  mountain  country  to  the  south, 
and  leaves  it  by  a  gorge,  the  south  wall  of  which  is  a  towering  cliflF  of 
sandstone  500  or  600  feet  in  vertical  height,  called  the  Devil's  Looking 
Glass.  It  flows  thence  three  miles  straight  north-northwest  towards  the 
mouth  of  Bompas  Cove,  where  it  makes  an  ox-bow,  and  then  flows  north 
to  the  Furnace,  as  shown  in  the  map. 

This  interval  of  three  miles  is  made  through  forest-covered  hills. 
Paddy's  Creek  and  Broad  Shoals  Creek  form  narrow  forest-covered  valleys, 
entering  the  river  valley  from  the  southwest.  Another  stream  of  equal 
size  forms  a  similar  valley  on  the  northeast.  All  this  is  good  coaling 
ground  for  iron-works ;  and  depots  of  charcoal  can  be  established  at 
diiferent  points  on  the  two  banks  of  the  river,  down  which  the  fuel  can 
be  safely  and  cheaply  boated.  Two  large  charcoal  furnaces  at  Embree- 
ville  could  be  erected  in  view  of  a  constant  supply  of  charcoal  by  the 
organization  of  an  extensive  system  of  coaling  depots  up  the  river.  A 
forest  surrounds  the  head  of  Greasy  Cove  and  passes  in  an  unbroken  belt 
across  all  the  hill  country  back  of  the  river  bottoms,  over  to  the  Dry 
Greek  Valley,  and  Buffalo  or  Cherokee  Mountain,  north-northeast  and  east 
of  the  Furnace.  This  is  on  the  east  side  of  the  river.  On  the  west  side, 
as  I  have  said,  many  square  miles  of  forest-covered  hill  country  surrounds 
Bompas  Cove. 

This  forest  consists  of  white  oak,  spruce  pine,  poplar,  hickory,  etc., 
most  of  it  in  its  original  condition.  Some  tracts  have  been  coaled  off 
once,  others  twice.  After  fifteen  or  twenty  years  they  are  ready  for  coal- 
ing again.  I  saw  a  few  trees  two  feet  in  diameter  ;  but  the  forest  trees 
are  lighter  than  I  am  accustomed  to  see  in  Pennsylvania.  They  will 
probably  yield,  on  an  average,  40  or  50  cords  to  the  acre,  while  some 
ravines  will  go  up  to  100. 

The  charcoal  used  at  the  Furnace  is  good  and  strong,  but  by  the  haul- 
ing over  steep  roads,  and  several  handlings,  the  waste  amounts  to  25  or 
dO  per  cent.  Most  of  this  could  be  saved  under  a  more  extensive  and 
eomplete  organization  of  this  part  of  the  business,  and  by  the  use  of 
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large  baskets  on  trucks.  The  coal  floors  are  near  enough  the  Furnace  to 
allow  the  carts  to  go  to  it  twice  a  day  ;  some,  however,  ean  be  reached 
but  once  a  day.  The  dependence  of  extensive  works  must  be  on  a  river 
navigation  and  coaling  depots  above,  as  has  already  been  said. 

One  hundred  and  ten  bushels  of  charcoal  go  to  the  ton  of  iron  at  this 
furnace,  making,  say,  six  tons.  An  enlarged  stack  could  easily  make  ten 
or  twelve.  The  Shelby  Furnace  in  Alabama,  sixty  feet  high,  is  making 
at  the  present  moment,  with  charcoal,  sixteen  (16)  tons,  by  information  I 
have  indirectly  from  the  keeper,  although  it  is  reported  she  has  made 
twenty.  The  report  is  incorrect ;  she  has  never  exceeded  sixteen.  But 
this  shows  what  can  be  done  with  charcoal  and  brown  hematite  ore.  In 
smelting  rich  fusible  lump  ore,  one  ton  of  metal  requires  from  one-third 
to  one  and  a^quarter  tons  of  hard  charcoal,  or  from  one  and  a-half  to  three 
tons  of  soft  charcoal. 

Coke,  however,  is  the  future  dependence  of  Embreeville  "Works  on  an 
extensive  scale.  The  Cumberland  Mountain,  west  of  Knoxville,  (Coal 
Creek,  Cove  Creek,  etc.,)  has  numerous  workable  beds  of  good  bitumin- 
ous coking  coals.  The  Knoxville  and  Kentucky  Railroad  is  already  car- 
rying these  coals  from  the  mines  to  the  factories  and  ironworks  of  Knox- 
ville and  other  towns  along  the  East  Tennessee  Railroad,  including 
Jonesborough.  Contracts  can  be  made  for  the  delivery  of  any  amount  of 
Cumberland  Mountain  (Waldron  Ridge)  coal  at  Jonesborough,  for  $3.25 
to  $3.50  per  ton.  If  the  eight  mile  branch  to  Embreeville  were  built, 
costing  with  bridge  and  rolling  stock,  say  $150,000,  the  coal  could  be 
landed  at  the  Furnace  at  a  cost  of  something  under  $4,  and  there  coked ; 
or,  which  would  be  better,  coking  establishments  could  be  organized  in 
the  Cumberland  Mountains,  along  Cove  Creek,  and  the  coke  be  deposited 
at  Embreeville  for  about  $4.50,  owing  to  the  fact  that — 1.  One-half  the 
weight  of  the  car-load  would  be  saved  by  carrying  it  in  the  foi*m  of  coke ; 
2.  The  waste  in  dust  would  be  saved  ;  and,  3.  The  slake  waste  at  the 
mines  would  be  coked  with  the  lump. 

Now,  6J  cents  a  bushel  is  paid  at  the  Furnace  for  charcoal,  or,  6^X110 
=  $6. 87 J,  to  make  a  ton  of  metal. 

Coke  furnaces  require  from  1.1  to  2.3  tons  of  coke  to  make  1  ton  of 
iron,  according  to  their  size,  shape,  and  especially  the  quality  of  ores  em- 
ployed. For  brown  hematites  it  would  not  be  safe  to  assume  less  than  1  J, 
and  it  might  go  up  to  1^  tons  of  coke  to  one  of  metal.  If  coke  could  be 
got  at  Embreeville  for  $4.50,  the  coke  for  1  ton  of  iron  would  still  cost 
$6.75,  as  against  $6. 87 J  for  charcoal. 

But  while  a  charcoal  furnace  is  producing  45  tons  of  metal  a  week,  a 
coke  furnace  with  hot  blast  is  producing  from  150  to  200  tons  a  week. 

It  would  be  unwise  to  erect  more  than  two  first-class  charcoal  fui'naces 
at  a  point  like  Embreeville,  in  view  of  the  extensive  and  complicated  sys- 
tem of  coaling  and  boating  required.  These  would  make  10  tons  a  day 
each,  or  140  tons  of  metal  per  week.     Whereas  four  coke  furnaces  might 
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be  put  in  blast  safely,  making  together  (with  one  always  out  for  repair, 
etc.),  say  3X150«=»450  tons  of  metal  per  week ;  or  even  600  or  more. 

On  the  other  hand,  no  profit  could  be  made  on  coke  bought  at  the 
mines  ;  and  no  profit  on  coal,  but  only  on  the  coking  of  the  coal  at  the 
Furnace,  by  supplying  store  goods  for  wages  ;  whereas,  the  Q^  cents  per 
bushel  paid  for  the  charcoal  is  paid  in  stores,  and  a  large  saving  accom 
plished. 

The  same  is  true  of  other  labor,  at  the  Furnace  and  at  the  mines  ;  but 
this  would  not  be  changed  by  the  substitution  of  coke  for  charcoal. 

Another  consideration,  and  one  of  importance,  is  the  change  in  the 
quality  of  metal  produced.  So  long  as  the  lowest  beds  of  the  Cumber- 
land Mountain  system  are  mined,  the  coal  will  be  second  rate,  and  even 
if  the  best  precautions  are  taken,  the  coke  will  not  be  so  good  a  fuel  as 
charcoal.  Quality  of  metal  would  have  to  be  sacrificed  to  some  extent  for 
the  sake  of  quantity.  The  metal  made  at  Embreeville  could  hardly  be 
better  than  it  is  ;  exceedingly  strong  in  the  pig  and  much  esteemed  for 
car-wheel  use.  The  price  of  such  iron  must  always  be  high,  w^hatever  be 
the  state  of  the  seaboard  and  foreign  markets,  because  of  the  limited 
amount  of  it  made,  and  always  to  be  made.  Much,  if  not  most,  of  the 
Tennessee  iron  must  always  be  cold-shoii;  on  account  of  the  wide  dis- 
tribution of  cold-short  ores  through  the  country. 

The  Brown  Hematite,  or  limonite,  deposits  of  Bompas  Oove  exactly  re- 
semble those  of  Morrison's  Cove,  Nittany  Valley,  Kishicoquilis,  and  other 
Lower  Silurian  limestone  valleys  of  Pennsylvania  and  Virginia ;  and 
those  of  the  long  line  of  the  north  flank  of  the  South  Mountain  (Blue 
Ridge,  Smoky  Mountain  range)  from  the  Hudson  River  to  Alabama.  They 
are  in  fact  situated  geologically  just  like  the  Allentown,  Carlisle,  and 
Chambersburg  deposits. 

These  ores  are  irregular  masses  of  ochreous  clays  and  loose  sands,  full 
of  shot  and  balls  and  pipes  of  the  hydrated  sesquioxide  of  iron  ;  with 
coatings  of  the  black  oxide  of  manganese,  and  traces  of  the  original  sul- 
phide of  iron,  sulphide  of  lead,  and  sulphide  of  zinc,  held  by  the  lime- 
stone strata  before  these  were  dissolved  and  made  cavernous  by  the  drain- 
age waters  which  have  packed  the  clay  sand  ore  into  all  the  holes  and 
crevices,  caves  and  water-courses  thus  made. 

The  general  dip  of  the  limestone  beds  in  Bompas  is  about  10°  north- 
northeast,  against  a  fault  which  crosses  the  mouth  of  the  cove  and 
seems  to  run  in  a  line  about  N.  15^  W.,  S.  150  E.  All  the  rocks  to  the 
east  of  this  line — the  rocks  in  which  the  river  flows — are  of  an  older  age, 
and  dip  60O  8.  40O  E.,  in  very  straight  bold  outcrops,  as  represented  on 
the  map  and  in  the  section  accompanying  it. 

This  gentle  dip  of  the  limestone  has  exposed  several  square  miles  of  the 
ferruginous  lower  limestone  to  decomposition  ;  and  the  quantity  of  ore  is 
correspondingly  great. 

The  limestone  has  been  cross-cleft ;  its  cleavage  planes  dipping  45^, 
more  or  less.     The  dissolution  has  followed  these  cleavage  planes.     The 
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ore-K$lays  are  packed  in  deiscending  cavities  sloping  at  that  angle.  The 
massive  ore  seems  to  dip  45^  therefore,  instead  of  1(P.  But  as  several 
hundred  feet  of  the  nearly  horizontal  limestone  beds  has  converted  itself 
more  or  less  into  ore,  the  quantity  of  ore  is  immense. 

The  series  of  ore  pits  from  which  the  furnace  has  supplied  itself^  ranges 
up  the  side  of  a  steep  hill,  beginning  at  an  elevation  of  about  200  feet 
above  the  river  (one  mile  from  it),  and  ending  at  an  elevation  of  350  feet. 
But  the  ore  continues  up  the  hill  a  hundred  feet  higher  ;  and  descends 
also  below  the  lowest  pit.  No  system  has  been  observed  in  mining  the 
ore.  Everything  has  been  done  hap-hazard  and  in  the  most  expensive 
way. 

The  stripping  varies  from  a  foot  or  two  to  twenty  and  thirty  feet.  The 
solid  ore-ground,  consisting  of  from  one-half  to  four-fifths  fine  ore,  the 
rest  balls,  with  occasional  masses  of  clay,  and  occasional  masses  of  solid 
hard  limestone  rock  (left  in  its  original  condition,  but  with  all  the  edges 
dissolved  round),  has  been  dug  into  to  a  depth  of  ten,  fifteen,  twenty  feet, 
and  more  in  places,  without  reaching  bottom. 

I  judged  that  I  saw  along  the  line  of  pits  over  the  end  of  the  tramway, 
about  one  million  of  tons  of  ore. 

The  ore  can  be  followed  over  the  top  of  the  little  hill  and  down  its 
northern  side. 

Abundant  evidence  of  ore  covers  the  long  slope  of  the  hill  towards  the 
south  for  a  quarter  of  a  mile. 

The  same  limestone  beds  take  into  the  isolated  hill  to  the  west ;  and  od 
both  sides  of  this  hill  near  its  top  are  old  diggings  of  the  ore,  from  which 
the  original  furnace  was  supplied  for  a  good  many  years,  and  abandoned 
when  that  furnace  was  abandoned,  and  the  new  Furnace  was  erected  at 
Embreeville.  The  old  furnace  was  situated  on  Bompas  Creek,  about  half 
a  mile  southwest  of  the  present  ore  mines,  and  just  opposite  the  lead 
mine  shown  upon  the  map,  but  inconveniently  far  from  the  river. 

There  must  be  millions  of  tons  of  iron  ore  in  the  more  central  part  of 
the  cove,  in  the  low  hills  composed  of  the  almost  horizontal  ore-beaiing 
limestone  strata,  which  everywhere  show  the  dissolving  action  of  the  ore- 
collecting  waters,  and  are  covered  in  many  places  with  ore-ground. 

The  books  of  the  Furnace  show  that  after  the  ore  has  been  washed  and 
the  large  lumps  roasted  to  make  them  more  easily  broken  to  pieces,  the 
lowest  percentage  of  ore  to  pig  metal  is  49,  and  the  highest  59.  The 
practieal  average  of  pig  iron  obtained  from  the  thus  prepared  ore  is  fifty- 
five  per  cent.* 

*  Aaalysis  of  Brown  Hematite  ore  from  Bompas  Cove,  E.  T. ,  made  by  Prof.  Fislier,  of  U.  S. 
STaval  Academy,  Annapolis,  Md. : 

Water  and  organic  matter*  -  -  -  -  -  -  13.15 

Phosphoric  acid,        -  -  -  -  -  -  -  -.09 

Silica,  ........  3.05 

Alumina,       .........        l.S 

Sesquioxide  of  manganese,  ......  .37 

Snlphur,        ..........JflS 

Peroxide  of  iron,  -  -  -  -  -  -  -  88.27 

100,313 
82.27  peroxide  of  iron  equals  67.6  per  cent,  pure  iron. 
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The  weight  of  the  washed  ore  when  dry  is  one  and  a  half  (IJ)  tons  to 
tlie  cubic  yard.  The  weight  of  the  lump  ore  is  about  1^  tons  to  the  cubic 
yard.  One  car-load  of  44,919  cubic  inches  measurement,  thoroughly  dried 
wash  ore,  weighed  3,042  lbs.  One  cubic  yard  =  46,656  inches.  The  lump 
ore  of  one  car  weighed  2,570  lbs. 

Very  little  flux  is  required  by  the  Furnace,  and  this  is  obtained  from 
bold  outcrops  of  blue  limestone  on  the  State  Road  two-thirds  of  a  mile 
north  of  the  ferry.  There  is  so  much  lime  in  the  wash  ore  and  in  the  clay 
of  the  ball  ore,  and  so  heavy  a  charge  of  manganese  in  the  ore  deposit 
that  the  fluxing  of  the  stock  scarcely  adds  to  the  expense  of  its  smelting. 
The  cinder  is  excellent  and  the  waste  of  iron  is  evidently  small. 

Around  the  inside  lining  of  the  tunnel  head  for  about  four  feet  down 
from  the  lip  of  the  filling-hole,  there  forms  a  coating  of  concentric  layers 
of  a  very  solid  and  heavy  substance,  consisting  chiefly  of  metallic  zinc,  in 
allov  with  metallic  lead  and  a  small  quantity  of  metallic  iron.* 

The  upper  and  more  solid  blue  and  white  limestones  of  Bompas  Cove, 
exposed  along  the  banks  of  the  creek,  opposite  the  old  furnace  site,  con- 
tain a  good  deal  of  disseminated  galena.  This  is  decomposed  into  car- 
bonate of  lead,  filling  crevices  which  have  been  followed  down  by  shafting 
operations  during  the  late  war.  The  two  ores  of  lead  were  taken  in  cars, 
on  a  tram  road  a  few  hundred  yards  long,  down  the  creek  to  a  lead  mill 
erected  by  General  Jackson,  and  there  smelted  for  the  use  of  the  Confed- 
erate army.  The  works  are  now  abandoned,  and  the  shafts  filled  with 
trash  or  water. 

Brown  hematite  iron  ore  deposits  have  also  resulted  from  the  decompo- 
sition of  the  limestone  beds  over  the  lead-bearing  strata. 

Greasy  Cove  is  a  district  of  limestone  similar  to,  but  much  more  exten- 
sive than  Bompas  Cove,  and  carries  the  same  brown  hematite  iron  ore  de- 
posits of  probably  equal  size.  The  hills  overlooking  the  flat  land  of  this 
cove  on  the  northwest  and  within  half  a  mile  of  the  river,  are  red  with  ore. 

*  Analyses,  by  Persifor  Frazer,  Jr. ,  Assistant.  Professor  of  Chemistry  in  the  University  of 
Pennsylvania,  of— 

I.  Furnace  product  from  Embreeville  Works,  N.  C. ,  taken  from  within  four  feet  of  the  tun- 
nel head :  A  hard,  brittle,  gray  solid,  with  occasional  streaks  of  green,  but  in  powder  is  grass- 
green.    Specific  gravity,  6. 6. 

Under  the  magnifying  glass  it  shows  minute  metallic  scales  which  impart  a  metallic  lustre  to 
the  streak  when  the  product  is  scratched,  and  yet  bear  such  a  small  proportion  to  the  whole 
mass  that  they  are  almost  indistinguishable  with  the  naked  eye. 

Silica,  -  -  -  -  -  -  -  -  0.28 

Iron  (calculated  as  sesquioxide),  -  -  -  -  •  -        4.12 

Zinc  (oxide),         -  -  -  -  -  -  -  -  84.26 

Lead  (metallic),  -  -  -  --  -  -  -6.18 

Carbon  (as  finely  divided  coal  dust  determined  by  loss),      -  -  -  6,16 

II.  Lining  atone  of  Embreeville  Furnace,  N.  C.  A  yellow  sandrock  used  for  the  lining  of 
the  Embreeville  Furnace,  and  remarkably  lasting,  was  proved  to  contain: 

Silica,  .....---.       76.99 

Alumina  and  Iron  (latter  under  2  p.  c.  Fe30s),  -  -  -  -  16.12 

Magnesia,      -  -  -  -  -  -  -  -  -2.63 

Lime,         -  -  -  -  -  -  -  -  -  1.44 

Undermined,    -  -  -  --  -  -  -  -2.83 

Considerably  more  than  60  per  cent,  of  the  Silica  given  above  seems  to  exist  as  free  Silica,  or 
aand. 
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These  details  are  not  only  interesting  in  themselves,  hut  necessary  for 
familiarizing  the  observer  with  the  scene  of  a  geological  action,  common 
enough  in  our  Appalachian  region,  but  rarely  exhibitiijg  itself  in  so  bold 
and  telling  a  way  as  at  Embreeville. 

A  fault — an  upthrow  and  overshove — a  collapsed  synclinal  at  the  edge 
of  the  thrown-down  mass — ^all  this  is  presented  to  the  eye  of  the  struc- 
tural geologist,  as  he  stands  on  the  steps  of  the  little  Church  of  Embree- 
ville and  looks  across  the  river  eastward.  Hundreds  of  feet  of  limestone 
outcrop,  in  part  natural  cliflfs,  in  part  quarry  work,  demonstrate  the 
problem  of  Cambrian  overlying  Silurian — ^the  Quebec  Group  overriding" 
Trenton  Limestone — ^by  drawing  it  in  a  grandly  visible  diagram,  a  mile 
long,  by  800  feet  high. 

The  solid  plates  of  limestone  are  bent  round  in  the  synclinal  without 
fracture  f other  than  at  the  great  cleavage  planes)  as  though  they  had 
been  as  plastic  as  wax.  A  slight  anticlinal  roll  immediately  precedes  the 
sudden  upturn  to  a  vertical  followed  by  a  declining  angle  in  the  reversed 
sense.  The  exact  place  of  the  fault  is  obscured  by  a  general  crush  and 
sheet-covering  of  the  finely  broken  shale  and  very  thin  bedded  shaly 
sandstone  layers  which  make  the  rest  of  the  mountain  mass. 

Up  through  these  sandy  shales,  dividing  them  into  an  upper  and  lower 
system,  rise  the  bold  outcrops  of  two  conglomerate  beds,  each  about  20 
feet  thick.  One  of  them,  forming  the  crest  of  the  mountain  east  of  the 
river,  descends  in  a  dyke  to  the  water,  sinks  under  the  valley,  and  reap- 
pears to  face  the  slopes  at  the  bend  at  the  mouth  of  Bompas  Creek.  The 
other  forms  a  dyke  along  the  foot  of  the  mountain  from  the  Furnace 
southwest  to  Bompass  Cove.  These  two  coarse  sandrocks  or  finely  brec- 
ciated  conglomerates  are  shown  in  the  diagram  at  the  foot  of  the  map  on 
page  445,  above. 

It  will  be  noticed  that  another  set  of  sandrocks,  not  at  all  conglome- 
rate, but  semi-crystalline  in  texture,  and  (with  alternations  of  softer 
kinds,  and  shale  bands)  at  least  100  feet  thick,  come  in  above  and  (being 
nearly  horizontal)  cause  that  hog-back  topography  seen  in  the  horseshoe 
bend  of  the  river.  It  will  be  noticed  also  that  above  these  last  sandrocks, 
lies  a  third  or  uppermost  system  of  sandy  shales.  These  constitute  (with 
some  still  higher  intercalated  massive  sandrocks)  the  bulk  of  the  inwall- 
ing  river  hills  (600-800  feet  high)  all  the  way  up  (about  3  miles)  to  the  en- 
trance into  Grassy  Cove ;  that  is,  to  the  next  parallel  fault  throwing 
down  the  Silurians. 

It  will  be  evident  to  those  familiar  with  this  characteristic  structure  of 
East  Tennessee  and  Southwest  Virginia,  that  the  Noljchuckee  River  ex- 
poses a  nearly  transverse  cross-section  of  a  long  prism  of  earth-cnist  com- 
posed of  sandy  shales,  sandrocks  and  conglomerates,  at  least  600  feet 
thick,  elevated  between  enclosing  sunken  countries  of  Lower  Silurian 
Limestone. 

There  is  no  sign  of  squeeze  and  distortion  along  the  southern  (Greasy 
Cove)  fissure,  for  the  uplifted  upper  shales  abut  there  horizontally  against 
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the  down-thrown  limestone  prism  to  the  south  of  it.  Whereas  in  the 
Embreeville  (or  northern)  fault,  the  lower  part  of  the  shale  prism  has 
been  lifted  and  thrust  violently  against  the  limestone  prism  to  the  north, 
so  as  not  only  to  override  it,  but  to  curl  up  the  ends  of  its  beds  into  a  col- 
lapsed synclinal.  The  force  has  therefore  come  from  the  south,  and  acts 
northward,  or  north-northwestward.  This  is  not  only  in  accordance  with 
the  law  of  anticlinal  structure,  made  out  in  Pennsylvania  by  the  survey 
under  Prof.  H.  D.  Rogers,  35  years  ago,  but  with  nine-tenths  ol'  the  fault 
exhibitions  in  Virginia  and  Tennessee.* 

What  the  rock  system  is,  a  prism  of  which  has  thus  been  upheaved  be- 
tween the  two  Lower  Silurian  districts  of  Jonesborough  to  the  North, 
and  Greasy  Cove  to  the  South,  is  still  a  subject  for  discussion.  Mr.  Saf- 
ford,  State  Geologist  of  Tennessee,  gives  it  the  name  of  Chilhowee,  with- 
out identifying  it  closely  with  any  of  the  great  Formations  of  the 
Northern  States.  It  probably  underlies  immediately  the  Lower  Silurian 
Limestones. 

One  thing  is  remarkable  :  its  apparent  total  lack  of  iron  ore  and 
limestone.  There  is  no  appearance  of  metamorphism  throughout  the 
6,000  feet  of  rock  trenched  by  the  Nolichuckee. 

The  cross-fault  of  Bompas  Cove,  on  the  west  side  of  which  the  L.  Silu- 
rian Limestones  are  dropped  to  water  level  in  an  almost  undisturbed 
(horizontal)  condition,  is,  perhaps,  the  most  interesting  feature  of  the  dy- 
namic scene  I  am  trying  to  portray;  but  it  must  remain  for  some  geologist 
to  study  who  has  more  time  at  his  command  than  I  had,  in  my  hurried 
visit  to  Embreeville. 

These  cross-faults  are  incidentally  mentioned. by  Mr.  Safford,  on  page 
200  of  his  Report  of  the  Geology  of  Tennessee  for  1869,  when  he  says : 

**  484.  At  the  ends  of  these  mountains,  the  sandstones  which  form  them 
are  suddenly  and  curiously  cut  off,  and  wholly  disappear.  The  moun- 
tains and  their  rocks,  of  course,  lie  generally  immediately  on  the  south- 
east side  of  a  fault.  The  sandstones,  broken  in  wide  blades,  appear  to 
have  been  thrust  up  endwise  to  the  northwest,  through  the  overlying 
formations.  The  displacement  is,  in  some  cases,  very  great.  In  the  case 
of  Chilhowee  Mountain  (see  section  page  190),  the  sandstones,  or,  rather, 
Ocoee  conglomerates,  have  been  brought  up  and  abutted  against  Carbon- 
iferous Limestone,^  ^ 

The  expressions  used  in  the  above  description  are  calculated  to  obscure 
the  picture  to  the  eye  of  the  reader.  The  sandstones  are  prominent 
objects  in  the  landscape  ;  but  they  are  integral  and  very  subordinate 
items  in  the  mass  of  the  upthrown  (and  often  but  slightly  tilled)  prism  of 
earth-crust.  To  a  depth  unknown  to  the  observer,  the  earth-crust  in  all 
this  region  of  Virginia  and  Tennessee  has  been  cracked  along  straight, 
parallel  lines  of  great  length  (some  of  them  a  hundred  miles),  but  of  no 

*  I  have  recently  exhibited  to  the  Society  cross-sections  of  this  structure,  in  Tasewell,  Wise, 
and  Scott  Counties,  Virginia,  which,  when  published  in  the  next  J( umber  of  these  Proceedings, 
will  make  this  law  sufficiently  comprehensible. 
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great  width,  seldom  over  Ave  miles.  In  Mr.  Safford's  Section  (page  190), 
across  Eastern  Tennessee,  from  the  carboniferous  table-land,  southeast- 
ward to  the  Metamorphic  Azoic  Mountains  of  the  North  Carolina  line, 
52  miles,  there  are  eight  of  these  faults  noted,  making  the  average  width 
of  each  prism  (supposing  no  fault  has  been  omitted)  6^  miles. 

The  upthrow  or  override  of  the  side  face  of  each  prism  against  the 
prism  to  the  northwest  of  it,  varies  from  fifteen  thousand  (15,000)  feet  (as 
in  the  Chilhowee  Mountain  Fault  above  cited,  and  in  the  Montgomery 
and  Wythe  Coimty  Faults  of  Virginia)  down  to  five  thousand,  as  in  the 
case  of  the  Embreeville  Fault,  and  others  of  a  like  kind,  in  the  same 
range,  where  the  bottom  measures  of  the  Chilhowee,  or  top  measures  of 
the  Ocoee,  Formations  abut  against  the  Trenton  Limestones. 

The  tilt  of  a  prism,  five  miles  wide  to  an  elevation  of  only  one  mile  on 
its  northwest  border,  gives  an  average  dip  of  1  in  5,  or  10°.  But  the  tilt 
has  been  produced  by  a  thrust  from  the  southeast,  violent  enough  not 
only  to  produce  the  tilt,  and  thrust  the  prism  forward  and  upward,  but  to 
rub  up  the  broken  edges  of  the  layers  of  the  down-tilted  next  prism,  and 
to  rub  down  the  broken  edges  of  its  own  layei*s  ;  and,  moreover,  to  bend 
the  whole  body  of  the  prism  along  its  northwestern  limit.  Consequently 
we  have  there  dips  of  45^,  whereas  the  dips  everywhere  else  (with  trifling 
exceptions)  are  scarcely  more  than  5^. 

It  may  be  said,  therefore,  if  astonishment  be  expressed  at  the  vastness 
of  these  upthrows,  considering  the  weight  of  the  prism,  that,  in  fact, 
there  has  not  been  so  much  upward  movement  after  all. 

On  the  other  hand,  in  the  sections  I  have  made  across  sets  of  these 
faults,  in  other  parts  of  the  region,  and  where  the  uptilt  is  of  lower  Si- 
lurian Limestone  against  Coal  Measures,  repeated  again  and  again,  the 
proportion  of  horizontal  to  vertical  is  as  5  miles  to  3  miles,  and  a  dip  of 
80^  pervades  the  entire  body  of  the  prism,  and  of  each  prism,  from  side 
to  side. 

This  is  a  very  astonishing  state  of  things.  And  it  characterizes  a  re- 
gion of  coimtry  fifty  miles  wide  by  five  hundred  miles  long,  roughly 
stated. 

What  supports  these  long  untilted  prisms  of  earth-crust  ? 

We  cannot  imagine  an  underground  Pre-silurian  topography  arranged 
with  such  regularity,  as  to  allow  the  settlement  of  the  sections  of  Pale- 
ozoic series,  in  straight  lines,  hundreds  of  miles  long,  and  always  on  one 
side,  the  southeastern. 

It  seems  to  me  evidently  necessary  to  assume  a  (in  some  sense)  plastic 
underground,  on  which  these  wonderfully  regular  prismatic  rods  of  Pale- 
ozoic rock  have  been  able  to  roll  one-third  over  and  adjust  themselves. 

The  alternative  must  be,  that  the  vacancies  (of  triangular  section- 
have  been  filled  with  the  debris  of  the  lower  crushed  edges  and  bottoms 
of  the  prisms, — a  most  unsatisfactory  suggestion^-especially  unsatisfac- 
tory, because  the  regular  over-roll  of  all  the  prisms  in  one  direction 
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proves  that  the  laterally  acting  energy  (whatever  may  have  been  its  origin) 
was  acting  on  a  great  plate  of  Paleozoic  rockmass,  at  least  (counting  in 
the  coal  measures)  four  miles  thick  ;  solid,  although  flexible,  itself ;  but 
free,  when  broken,  to  slide  on  its  foundations,  as  the  broken  up  flakes  of 
ice  slides  over  the  water  which  supports  them. 

That  there  was  no  absolutely  fluid  (lava?)  underground  beneath  them 
is  evident  from  the  total  absence  of  volcanic  rocks  at  the  present  eroded 
surface,  along  these  faults,  even  when  the  uppermost  Svbsilurian  rocks 
appear  in  one  wall.  (The  numerous  warm  springs  connected  with  the 
Virginia  faults  are  explicable  on  chemical  principles,  no  doubt.)  But  be- 
neath the  uppermost  Subsilurians  are  vast  formations,  all  more  or  less 
metamorphosed,  and  many  converted  into  granites  and  other  crystalline 
forms.  Here  we  have  the  plastic  mass  we  need,  over  the  surface  of  which 
(of  course,  an  eroded  surface,  but,  probably,  eroded  to  a  plane  containing 
no  Alpine  or  even  Subalpine  inequalities)  the  Paleozoic  deposits,  consoli- 
dated by  time  into  a  consistent,  but  never  yet  dried,  sheet,  seven  miles 
thick  in  Pennsylvania,  five  ifxiles  thick  in  Virginia,  three  miles  thick  in 
Tennessee,  moved  with  a  certain  freedom,  under  a  lateral  pressure,  from 
the  southeast,  at  the  close  of  the  Coal  Era, 

I  have  formerly  taken  occasion  to  ascribe  the  difierence  of  efie ct  ex- 
hibited by  this  pressure  in  Pennsylvania  and  in  Tennessee  to  the  difier- 
ence in  the  thickness  of  the  Paleozoic  mass.  In  Pennsylvania  it  was 
folded  ;  in  Tennessee  dislocated.  Put  the  difficulty  which  pressed  on 
Mr.  Rogers  to  explain  the  sustentation  of  the  vaults  of  our  Northern  an- 
ticlinals,  is  encountered  equally  by  the  Southern  geologist  who  will  explain 
the  stable  equilibrium  of  his  tilted  prisms. 

To  return  from  this  digression  to  the  cross  fissures,  which  cut  off"  the  ends 
of  the  Chilhowee  and  other  mountains  (and  an  example  of  them  is  given 
in  my  map  of  Bompas  Cove),  it  must  be  understood  that  they  do  not  obey 
one  law,  as  do  the  principal  and  parallel  dislocations  of  the  country. 
They  sometimes  run  square  across  from  one  of  these  to  or  towards 
another  ;  seldom  cutting  a  prii^m  entirely  off";  usually  cracking  its  north 
western  edge  for  a  certain  distance  into  its  body.  It  is  a  subordinate  and 
secondary  system  of  faults.  But  by  means  of  it  most  of  the  Appalachian 
ridges  or  mountains,  of  Middle  Silurian  and  Upper  Divonian  age,  are 
swallowed  up  and  ended  at  the  surface ;  just  as  are  the  mountains  of 
Chilhowee  sandstones,  in  such  cases  as  that  described  by  Mr.  Saffbrd  above. 

The  section  accompanying  my  map  will,  perhaps,  be  compared  by  some 
reader  of  this  paper  with  Mr.  Saffbrd' s  section  on  page  202,  and  they  will 
be  seen  to  be  very  different.  It  is  cmly  needful  to  explain  that  my  section, 
was  made  with  instruments  on  the  ground  under  favorable  circumstances, 
and  carefully  drawn  to  the  same  horizontal  and  vertical  scale  ;  whereas 
the  section  on  page  202^  is  like  Mr,  Saffbrd' s  other  sections,  drawn  to  a  ver- 
tical scale  at  least  twenty  times  greater  than  the  horizontal,  and,  as  he 
says,  '*  it  is  not  intended  to  be  accurate  in  detail." 

In  fact  nothing  can  be  more  erroneous  than  the  impression  on  the  mind 
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of  a  young  geologist  produced  by  the  section.  It  not  only  distorts  the 
facts,  but  bars  the  way  to  a  right  understanding  of  the  structure  not 
only  of  this  locality  at  Embreeville  Gap,  but  of  similar  localities  alon^ 
the  Unaka  Mountain  range.*  There  are  no  such  synclinals  as  are  there 
represented.  There  is  nothing  which  in  the  remotest  sense  resembles  the 
anticlinal  there  drawn  under  the  letter  D.  That  interval  is  essentially 
and  wholly  monoclinal. 

Every  student  of  American  geology  must  acknowledge  his  great  in- 
debtedness to  the  assiduous  and  judicious  State  Geologist  of  Tennessee, 
who  has  done  so  much  to  elucidate  one  of  the  most  interesting  regions 
of  the  United  States.  Among  the  many  valuable  columns  of  thicknesses 
which  lie  has  published,  the  following  (in  §  489)  justifies  the  statement  I 
have  made  relative  to  the  amount  of  rock  visible  along  the  river  above 
Embreeville.  It  represents  the  Chilhowee  Group,  in  Doe  River  Gap, 
Carter  County. 

Top  of  Section : — Quai-tzose  sandstone 55  feet. 

Sandstones  and  Shales 70 

Quartzose  Sandstone 10 

Sandstone  and  Sandy  Shales 250 

Quartzose  Sandstones .' 35 

Sandstones  and  Sandy  Shales 370 

Quartzose  Sandstone 40 

Thick  and  thin  bedded  Sandstone,  generally  dark  col- 
ored, occasionally  Sandy  Shales,  and  but  little  fine 

conglomerate 1,720 

Quartzose  Sandstone 40 

Thin  Sandstones  and  Sandy  Shales 330 

Sandstones  and  fine  conglomerate  with  two  Quartzose 

bands 375 

Heavy  bedded  Quartzose  Sandstone 38 

Sandstone  not  wtll  seen 180 

Heavy  Gray  Quartzose  Sandstone,  with  unimportant 

layers  of  fine  conglomerate 60 

Sandstones  with  conglomerate,  dark  and  even  bedded. .  .44 
Heavy  Gray  Quartzose  rock,  mostly  sandstones  with 

fine  conglomerate 60 

Some  of  the  Sandstone  hard  and  Quartzose 473 

The  lower  part  of  my  Embreeville  Section  consists  of  between  one  and 
two  thousand  feet  of  sandy  shales,  with  two  very  massive  plates  of  con- 
glomeratic sandstone,  about  twenty  feet  thick.     Two  or  three  thousand 

*  With  the  highest  respect  for  the  distinguished  seryices  rendered  our  science  by  the  State 
Geologist  of  Tennessee,  I  cannot  refrain  from  expressing  regret  that  the  weight  of  his  stand- 
ing  in  the  science  shoald  be  thrown  into  the  scales  on  the  side  of  the  slovenly  and  mischieyons 
fashion  of  distorted  drawing  in  vogue  among  geologists  until  recent  years.  A  section  is  worse 
than  worthless  which  is  not  well  and  truly  drawn.  It  is  sure  to  manufacture  and  perpetuate 
false  views. 


Digitized  by 


Google 


1872.]  457  [Lesley. 

feet  more,  higher  up,  consist  of  massive  sandstones  and  heavy  beds  of 
shale  alternating.  Just  overlying  the  upper  conglomeratic  sandstone 
plate  are  variegated  clay  slates. 

It  is  impossible  not  to  see  the  significance  of  the  immense  develop- 
ment of  sandrocks  and  pebble  rocks,  in  the  Ocoee  and  Cliilhowee  systems, 
underlying  the  Lower  Silurian  Dolomites,  and  hugging  the  flank  of  the 
backbone  of  the  Continent,  for  a  thousand  miles  through  Virginia,  North 
Carolina,  Tennessee  and  Georgia,  as  in  New  Jersey  and  New  York.  It 
is  a  shore  deposit  on  an  immense  scale,  in  a  shallow  sea,  with  a  steeply 
inclined  margin,  and  an  Alpine  range  inland.  No  glaciers  ;  for  the  con- 
glomerates consist  of  rolled  shingle  stones ;  but  torrents,  innumerable 
and  vehement.  No  large  rivers  ;  for  no  delta  deposits  of  any  size  are 
apparent.  A  rapid  degradation  of  the  mountains  was  followed  or  stopped 
by  a  partial  submergence,  which  deepened  the  sea,  made  the  sand  deposits 
finer,  and  permitted  the  deposit  of  the  Lower  Silurian  limestones. 

The  reason  therefore  why  the  massive  Quebec  Group  (Potsdam,  Chil- 
howee  and  Ocoee)  formation  does  not  come  up  to  daylight  in  the  faults 
which  break  the  middle  and  northwestern  parts  of  the  floor  of  the  region 
under  discussion,  is  because  it  thins  away  rapidly  seaward,  that  is,  west- 
ward, towards  the  Coal  Area.  And  in  this  it  only  sets  an  example  after- 
wards followed  by  the  sandstone  and  conglomerate  members  of  the  great 
PalsBOzoic  system  :  Nos.  IV,  IX,  X,  and  XII  the  Millstone  Grit. 


Stated  Meeting^  July  19,  1872, 

Present,  five  members. 

Mr.  Eli  K.  Price,  in  the  Chair. 

A  photograph  for  the  Album  was  received  from  Prot 
Thomas  Chase,  of  Haverford,  Pa. 

Letters  acknowledging  receipt  of  publications  were  re- 
ceived from  the  Royal  Society,  London  (86, 87).  The  Royal 
Saxon  Society  (86);  the  Zoologico-Botanical  Society,  Vienna 
(Vols.  8  to  11  Proc.,and  Trans.  Vols.  XII,  XHI,  XIV,  i,  ii, 
with  a  request  to  have  the  set  completed.  On  motion,  re- 
ferred to  the  Librarian);  and  from  Dr.  Hornstein,  Prag.  (86). 

Letters  of  envoy  were  received  from  the  Observatorio  de 
Marina  de  S.  Fernando,  and  the  Physico-Medical  Society  in 
Erlangen. 

A.  p.  8. — ^VOL.   XII. — 3p 
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Donations  for  the  Library  were  received  from  the  Belgian 
Academy,  French  Geographical  Society,  Italian  Geological 
Commission,  London  Chemical,  Geological,  Asiatic  and  An- 
tiquarian Societies,  Meteorological  Office,  Ifature,  Old  and 
New,  Dr.  Samuel  Green,  Silliman's  Journal,  American 
Chemist,  Philadelphia  Academy  of  JSTatural  Sciences,  Frank- 
lin Institute,  Penn  Monthly,  American  Journal  of  the 
Medical  Sciences,  Medical  News,  Baltimore  Peabody  Insti- 
tute, Washington  Philosophical  Society,  and  Petroleum 
Monthly. 

A  paper  entitled  "On  the  Tertiary  Coal  and  Fossils  of 
Osino,  Nevada,"  by  Prof.  Cope,  was  referred  to  the  Secreta- 
ries. 

Prof.  Chase  read  a  paper  on  "  ^therial  Oscillation,  the 
Primordial  Force,"  and  stated  that  certain  of  his  predictions 
had  been  verified,  which  were  based  on  his  observations  of 
the  rainfall  at  San  Francisco. 

Pending  nominations,  Nos.  693  to  697,  and  new  nomina- 
tion. No.  698,  were  read. 

Nominations,  693  to  696,  were  balloted  for,  and  the  follow- 
ing persons  declared  duly  elected  members  of  the  Society : 

Rev.  Starr  Hoyt  Nichols,  of  Philadelphia. 

Mr.  Coleman  Sellers,  of  Philadelphia. 

Dr.  Robert  Peter,  of  Lexington,  Kentucky. 

Dr.  Richard  J.  Lewis,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  August  15, 1872. 

Letters  of  acceptance  was  received  from  Dr.  Robert  Peter, 
dated  Lexington,  Ky.,  August  8th,  and  Mr.  F.  B.  Miller, 
dated  Royal  Mint,  Melbourne,  May  6th,  1872. 

Letters  acknowledging  receipt  of  publications  were  re- 
ceived from  Mr.  Peter  Turner,  dated  Leoben,  Oct.  12, 1871 
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(83,  84,  85);  the  Observatory  at  Prague,  Juue  12,  1872 
(86);  the  Royal  Society,  Rotterdam,  Aug.  1, 1872  (86);  the 
Royal  Society,  Stockholm,  May  8, 1872  (XIII,  i,  ii,  iii,  XIV, 
i,  ii,  71  to  77,  and  80  to  85),  and  the  Royal  Society  at  Up- 
sal,  April  15, 1872  (XIV,  i,  ii,  83  to  85.) 

Letters  of  envoy  were  received  from  the  Royal  Societies 
at  Upsal  and  Stockholm,  April,  1872 ;  the  Observatory  at 
Turin,  May  12, 1872,  and  the  Hungarian  Academy  at  Perth, 
Sept.  16,  1871. 

Donations  for  the  Library  were  received  from  the  Hunga- 
rian, Prussian,  Swedish,  Belgian,  and  American  Academies  of 
Science;  the  Societies  at  Moscow,  Upsal,  Copenhagen,  Bre- 
men, Frankfort,  Offenbach,  Lausanne,  Liverpool,  and  Salem, 
Mass.;  the  Bureau  des  Ponts,  Montsouris  Observatory  and 
Revue  Politique  at  Paris;  the  Royal  Astronomical,  Geo- 
graphical and  Asiatic  Societies  at  London ;  Nature,  the  Pub- 
lic Library  and  Old  and  JSTew  at  Boston ;  the  American  Jour- 
nal of  Science,  Prof.  Dana  and  Prof.  Marsh,  at  JSTew  Haven : 
the  New  York  Lyceum,  Prof.  James  Hall  and  R.  P.  Whit- 
field, at  Albany,  the  Franklin  Institute,  Journal  of  Phar- 
macy, Medical  News  and  Penn  Monthly,  at  Philadelphia ; 
and  the  U.  S.  Bureau  of  the  Interior. 

The  Librarian  announced  the  reported  death  of  Mirza 
Alexander  Kasem  Beg,  Dr.  Bujalsky  (1866),  and  D.  C.  Dwor- 
jak,  of  St.  Petersburg,  members  of  this  Society. 

The  following  communications  were  received  from  Prof. 
E.D.  Cope: 

On  a  New  Genus  of  Pleurodira,  from  the  Eocene  of  Wyo- 
ming. 

Descriptions  of  New  Vertebrata,  from  the  Bridger  Group 
of  the  Eocene. 

Second  Account  of  New  Vertebrata,  from  the  Bridger 
Eocene. 

And  the  meeting  was  adjourned. 
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DESCRIPTIONS  OF  SOME  NEW  VERTEBRATA  FROM  THE 
BRIDQER  GROUP  OF  THE  EOCENE. 
By  E,  D.  Cope. 
{Redd  before  the  American  Philosophical  Society,,  August  15,  1872.) 
Mbsonyx  obtusidens.    Cope. 
Represented  by  a  large  part  of  the  skeleton  of  an  individual  of  about 
the  size  of  th©  wolf  ( Canis  lupus).     The  lumbar  vertebrae  display  the 
short  acuminate,  and  anteriorly  directed  diapophyses,  characteristic  of 
carnivora,  while  the  astragalus  resembles  that  of  the  same  group.     The 
claws  are  flat  and  not  curved.     The  molar  teeth  exhibit  two  principal 
lobes  and  a  thin  rudimental  at  one  extremity.     The  middle  lobe  is  a  com- 
pressed cone,  the  posterior,  a  cutting  edge,  but  medially  placed,  and  less 
acute  than  in  HycenodoUy  and  the  sectorial  teeth  of  other  carnivora,  form- 
ing a  less  specialized  cutting  apparatus.     The  canines  are  well  developed. 
A  premolar  is  stout  conic,  with  rudimental  tubercle  at  base. 

M. 

Length  of  a  sectorial  (crown) ^ .  .0.018 

Greatest  width 008 

Elevation  of  crest. . , , 006 

Length  of  crown  of  a  second 015 

Width 0065 

Elevation  of  middle  lobe 014 

Length  of  crown  of  canine 026 

Diameter  near  base 014 

The  number  of  the  teeth  cannot  be  determined,  owing  to  the  injured 
condition  of  the  jaw  bones.     The  enamel  is  entirely  smooth. 
Found  on  the  bluffs  of  Cottonwood  Creek,  Wyoming. 

Triacodon  aculeatus.  Cope. 
Established  on  two  teeth  of  the  molar  and  premolar  series.  The  molar 
is  subtriangular  at  the  base  of  the  crown,  one  side  being  convex  ;  the  op- 
posite angle  nearly  right,  and  the  two  remaining  sides  flat.  The  crown 
is  divided  into  three  elevated  trihedi-al  cones,  one  at  each  angle.  Their 
adjacent  angles  are  acute,  and  the  angle  of  union  is  fissured,  like  the  same 
point  in  the  sectorial  tooth  of  a  carnivora.  The  smaller  lobes  are  of  equal 
elevation,  but  the  crown  of  one  is  expanded  so  as  to  be  slightly  spade- 
shaped.     The  enamel  is  smooth. 

M. 

Elevation  of  highest  cusp 0.009 

"        "    shorter    "      007 

Long  diameter  base  of  crown 006 

"  "  "       flat  side 005 

The  pi-emolar  is  smaller,  with  shorter  cusps,  and  one  of  the  laterals  re- 
duced to  a  rudiment. 

This  species  is  near  the  T,  fallax  of  Marsh,  but  the  tooth  he  describes 
is  naiTOwer  in  proportion  to  its  length,  and  has  the  anterior  lobe  little 
over  half  as  high. 
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HYpPSODUS  PYGM^us.  Cope. 
Represented  by  a  portion  of  the  right  mandibular  ramus  with  the 
penultimate  and  ante-penultimate  molars  in  perfect  preservation.  These 
teeth  present  four  cusps,  of  which  the  inner  are  crescentoid  in  section, 
the  outer  conic.  They  are  all  elevated,  and  the  outer  anterior  is  in  both 
teeth  compressed  and  bifid ;  it  receives  an  oblique  ridge  from  the  inner 
posterior.     Enamel  smooth. 

Lines. 

Length  penultimate  molar 2 

Width 1.5 

Depth  of  ramus  at  do 3 

This  is  a  small  species  of  the  genus,  being  about  equal  to  t\iQ  Hyopso- 
du8  paulus  L.     The  penultimate  molar  in  the  allied  species,    Lophio^ 
therium  ballardii,  Marsh,  measures  3.2  lines  in  length. 
Anostira  trionychoides.    Cope. 
This  species  is  about  the  size  of  our  existing  Ghrysemys  picta.    It  dif- 
fers from  the  A,  ornata,  Leidy,  in  various  respects.     Thus  the  sculpture 
of  the  costal  bones  is  pit-like,  as  in  some  species  of  Trionyx,  instead  of 
striate-ridged.     There  is  no  keel  on  the  pygal  bone  behind.     The  first 
marginal  bone  is  longer,  and  does  not  exhibit  the  prominent  shoulder 
seen  in  A,  ornata.     The  marginal  bones  are  not  unlike  those  of  that 
species,  having  central  small  tubercles,  and  radiating  ridges.     The  species 
is  not  uncommon  in  the  Bridger  beds  on  Cottonwood  Creek,  Wyoming. 
Anostira  (edbmia.    Cope. 
This  species  is  nearly  twice  the  size  of  the  last.     It  is  distinguished  by 
its  peculiar  ornamentation.     This  consists  of  bosses  or  swollen  portions 
of  an*  oval  shape,  which  stand  transversely  to  the  long  axis  of  the  body, 
from  a  quarter  to  a  half  an  inch  apart.     They  sometimes  form  short 
ridges,  surface  otherwise  smooth.    Locality  same  as  the  last  species. 
Anostira  molopina.    Cope. 
This  species  is  intermediate  in  size  between  the  two  last  described. 
It  is  distinguished  from  both  by  its  ornamentation.     This  consists  of  a 
delicate  and  rather  scattered  impressed  punctation,  on  the  costal  bones. 
Across  this  extend  oblique  ribs  extending  in  a  diagonal  direction  out- 
ward near  the  extremities  of  the  costals.     The  width  of  one  of  the  cos- 
tals  is  M.  .023.     The  costals  in  this  species  display  no  suture  for'the  mar- 
ginals, and  the  extremity  of  the  rib  projects  a  very  little. 
Trionyx  concentrictjs.    Cope. 
This  species  is  not  uncommon  in  the  Bridger  sandstone.     It  is  well 
characterized  by  its  sculpture,  which  is  coarsely  and  distinctly  pitted. 
Across  the  costal  bones  run  parallel  ribs,  which  enclose  between  them 
from  three  to  one  row  of  pits. 

M. 

Width  of  a  costal  bone  near  the  middle 02 

Thickness  "  "  "  003 
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The  carapace  is  thin.     Besides  being  smaller  than  the  T.  guttatus, 
Leidy,  this  species  differs  in  its  longitudinal  ribs. 
Trionyx  thomasii.    Cope. 

This  tortoise  is  again  distinguished  from  all  those  known  by  its  sculp- 
ture, this  being  very  delicate  and  obscure  when  compared  with  the  thick- 
ness of  the  carapace.  It  consists  of  small  tubercles  of  more  or  less  elon- 
gate form,  which  may  or  may  not  inosculate ;  eight  may  be  counted  in 
M.  .01.  Width  of  a  marginal  costal,  .03  ;  thickness  on  suture,  .0055.  So 
in  T.  concentrica.  The  costals  have  very  little  curvature.  The  faintness 
of  the  ornamentation  is  a  marked  character. 

Dedioated  to  my  former  teacher,  Joseph  Thomas,  M.  D.,  author  of  Lip- 
pincott's  Biographical  Gazetteer,  the  Pronouncing  Grazetteer  of  the 
World,  Baldwin's  Gazetteer,  and  other  important  works. 

Found  with  the  T,  concentrica,  on  Cottonwood  Creek,  Wyoming. 

AXESTUS   BYSSINUS.    CopO 

Genus  et  species  novae  Trionychidarum. 
This  genus  is  represented  by  a  species  which  is  allied  to  Trionyx,  but 
which  differs  in  some  important  respects.  The  sternal  bones  are  pro- 
vided with  an  enamel  stratum  exterior  to  the  usual  dense  layer  of  the 
bone,  which  is  not  sculptured.  The  post-abdominal  bone  has  no  sutural 
connections,  but  sends  out  tooth-like  processes  at  its  angles.  The  caudal 
vertebrae  are  procoelian,  furnished  with  stout  diapophyses  and  not  very 
elongate  ;  ball  depressed,  undivided.  The  cervical  vertebrae  are  elongate 
and  relatively  very  large.  The  claws  are  very  large,  and  one  at  least  flat 
and  straight ;  the  phalanges  have  broad  trochlear  surfaces,  which  indi- 
cate a  moderate  amount  only  of  vertical  movement.  Both  humerus  and 
femur  are  curved  and  with  extensive  trochanters.  The  procoracoid  and 
scapula  are  of  jequal  lengths  and  the  coracoid  is  much  dilated  distally. 

Char,  specif.  The. portions  of  plastron  preserved  are  thin  for  the  size 
of  the  animal,  and  all  the  bones  are  especially  dense  and  smooth.  The 
(?)  post-abdominal  has  the  free  margins  acute  and  serrulate.  There  is  an 
(?)  external  gently  convex  edge  with  a  long  process  extending  backwards; 
and  one  long  narrow  one  inwards.  The  enamel  is  white  and  is  marked 
with  decussating  lines  of  osseous  deposit,  as  in  woven  linen.  This  i&  not 
the  result  of  wearing.  The  cervical  vertebra  is  without  spine  ;  it  is  com- 
pressed in  the  middle  and  is  without  any  pneumatic  foramen. 

M. 

Length  cervical  vertebra 068 

Diameter  at  middle 020 

**         "  end 035 

"        caudal  do.  at  ball 010 

Length  "        "  023 

"        of  an  xmgueal  phalange 043 

Proximal  depth         do.  013 

Length  post-abdominal  (broken) 180 

Width  do.  120 

Locality  of  the  last. 
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Baena  hebbaica.    Cope. 

Established  on  a  large  and  nearly  complete  fossilized  tortoise,  which 
lacks  the  posterior  lobe  of  the  plastron,  and  a  corresponding  part  of  the 
carapace.    The  component  elements  are  coossified. 

The  costal  scuta  are  yerj  wide,  excepting  the  first  pair,  whose  posterior 
margin  is  sigmoidally  flexed.  The  anterior  vertebral  is  concave  behind, 
and  has  convex  lateral  margins.  The  marginal  scuta  in  front  are  very 
narrow,  but  the  fourth  on  each  side  is  suddenly  widened  in  front  to  meet 
the  suture  between  the  first  and  second  costal  scuta.  The  sutures  are  all 
perfectly  regular.  There  are  only  four  inframarginal  scuta,  of  which  the 
second  from  front  is  the  largest,  forming,  with  the  third,  an  angle  project- 
ing inwards. 

The  carapace  and  plastron  are  smooth,  excepting  in  the  lines  of  the 
sutures  of  the  costal  bones.  In  this  position  there  is,  in  each  case,  a  series 
of  short  pit-like  grooves  parallel  to  each  other,  and  transverse  to  the  axis 
of  the  bone,  forming  figures  like  some  Hebrew  letters,  the  Greek  /7,  etc. 

The  borders  of  the  carapace  are  obtuse,  and  the  general  form  is  almost 
round.     The  diameter  is  almost  eighteen  inches. 

This  species  may  only  be  compared  with  the  B.  undata,  Leidy,  with 
which  it  agrees  in  having  the  humeral  scuta  crowded  to  the  front  of  the 
plastron,  and  having  a  common  centre  with  the  gulars,  which  they  little 
exceed  in  size.  It  differs  in  having  four  instead  of  five  inframarginals, 
regular  sutures,  a  differently  formed  first  costal,  wider  lateral  marginals, 
and  in  the  smooth  carapace  with  the  peculiar  sculpture  mentioned. 

Testudo  hadriana.  Cope.    Spec.  nov. 

Indicated  by  two  individuals,  one  nearly  perfect,  the  other  chiefly  rep- 
resented by  a  complete  plastron. 

This  proves  the  existence  of  a  very  massive  species  of  the  terrestrial 
genus  Testudo.  The  plastron  presents  a  short  wide  lip  in  front,  which  is 
turned  outwards,  forming  a  strong  angle  with  the  plane  of  the  upturned 
front  of  the  lobe.  This  lobe  is  bordered  by  a  thickening  of  the  upper 
surface,  which  cuts  off  the  basin  from  the  lip,  as  a  high  ridge.  The  pos- 
terior lobe  is  deeply  bifurcate,  each  post-abdominal  projecting  as  a  trian- 
gle. There  is  a  notch  at  the  outer  angle  of  the  femoral  scute.  The 
hypostemal  bone  is  greatly  thickened  within  the  margin  above,  and  an 
elevated  ridge  bounds  the  basin  of  the  plastron  behind,  as  before.  The 
middle  of  the  plastron  is  thin.  ■ 

The  carapace  is  without  marked  keel  or  serrations.  It  is  remarkable 
for  its  expanded  and  truncate  anterior  outline,  which  is  nearly  straight 
between  two  lateral  obtuse  angles. 

Length  carapace,  M.  .750  —  29  inches ;  width,  .630. 

The  marginal  scuta  are  narrow,  and  there  is  a  large  nuchal  plate. 

Same  locality  as  the  last. 

Pal^otheca  polycypha.    Cope. 
This  genus  and  species  of  tortoises  are  indicated  by  vertebral,  costal 


Digitized  by 


Google 


Cope.]  4b4  iA.ng.  IS, 

and  marginal  bones  of  very  small  individuals.  These  bones  are,  how- 
ever, not  only  thoroughly  ossified,  but  are  very  stout,  indicating  the  adult* 
age  of  the  animal.  The  deeply  impressed  scutal  sutures  and  heavy  pro- 
portions, as  well  as  the  elevated  carina  of  the  carapace,  indicate  affinity 
with  Cistudo,  or  perhaps,  Testudo.  As  another  generic  character^  it  may  he 
noted  that  the  vertebral  bones  are  subquadrate,  and  support  the  neural 
canal  without  intervening  lamina. 

The  carina  of  the  carapace  is  abruptly  interrupted  occasionally  ;  some- 
times with,  sometimes  without,  a  pair  of  pits,  one  on  each  side.  The 
marginal  bones  are  well  recurved,  and  the  scutal  sutures  are  deeply  im- 
pressed on  them. 

M. 

Length  of  vertebral  bone 009 

Width       *'  " 0085 

Length  marginal      "         01 

This  is  the  least  of  the  tortcMses  of  the  Bridger  Formation. 

PAIi^OTHECA   TERRESTRIS*      CopC. 

Represented  by  three  individuals^  one  of  which  may  be  regarded  as  the 
type.  They  are  all  thinner  than  the  P.  polycyphay  and  larger,  being 
about  equal  to  the  Aromochelys  odoratus  of  our  ponds.  > 

In  the  type  specimen  the  carina  of  the  vertebral  bones  is  interrupted 
by  a  deep  sutural  groove,  which  is  less  pit-like  than  in  P.  polyeypha. 
The  bone  itself  is  broader  than  long,  being,,  perhaps,  from  the  hinder 
part  of  the  carapace.  The  clavicular  (episternal)  bone  is  preserved.  It 
is  characterized  by  the  considerable  and  abrupt  projection  of  that  part 
enclosed  by  the  gular  scutum,  which  resembles  what  is  sometimes  seen 
in  Testudo.  The  edge  of  this  part  is  entire  and  acut^.  The  posterior 
part  of  the  projection  forms  a  step-like  prominence  behind,  on  the  supe- 
rior or  inner  face.  The  bone  is  almost  as  wide  as  long^  and  the  mesos- 
ternal  causes  a  very  slight  median  truncation,  but  overlapped  much  on 

the  inner  side.     The  snilar  dermal  suture  does  not  reach  it. 

^  M. 

Length  vertebral  bone 009 

Width  "  "     018 

Length  episternal 03 

Width  "      (transverse  to  axis  of  body) 017 

Width  of  a  costal Oil 

Thickness  proximally 003 

In  a  second  specimen,  a  strong  groove  is  seen  to  bound  the  lip  of  the 
front  lobe  of  the  plastron  as  in  the  si)ecies  of  Notomorpha,  In  it  the 
marginal  is  seen  to  be  stout,  a  little  recurved,  and  sharp-edged.  A  ver- 
tebral differs  from  those  described  in  being  longer  than  wide. 

In  a  third  individual  the  gular  lip  is  not  so  prominent  as  in  the  type, 
and  the  mesostemal  bone  truncates  the  clavicular  extensively  giving  it 
thus  a  more  elongate  form.  The  gular  scuta  expands  to  its  front  margin. 
The  marginal  bone  is  stout  and  sharp  edged,  and  is  not  so  deeply  im- 
pressed by  the  dermal  suture,  as  in  P.  polycypha. 
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Length  epistemal 016 

Width         "  026 

Length  margmal Oil 

Width        "  016 

The  three  specimens  are  from  the  bluflfs  of  Cottonwood  Creek,  Wyoming. 
Naocephalus  porrectus.    Cope.     .      ^ 
Gen.  et.  sp.  nov.  Lacertiliarum. 
Established  on  an  incomplete  cranium,  with  vertebrse  found  associated. 
No  teeth  are  preserved,  nor  any  part  of  the  mandible.     The  remaining 
portions  of  the  cranium  are,  however,  highly  characteristic. 

The  occipital  descends  posteriorly,  and  bears  a  pair  of  lateral  ridges, 
which  converge  rapidly  posteriorly.  This  bone  is  united  with  the  pari- 
etal by  suture,  which  is  transverse  ;  its  outline  is  rectangular,  so  as 
almost  to  reach  the  frontals,  which  are  prolonged  backwards  on  each 
side  the  parietal,  leaving  but  a  narrow  exposure  of  the  posterior  processes  o 
the  parietal.  These  extend  backward,  and  are  broken  off  in  the  spec  • 
men,  but  they  probably  fonned  parts  of  arches.  The  parietal  is  single, 
and  there  is  no  parietal  fontanelle.  The  bone  is  triangular  in  outline 
with  the  apex  anterior,  dividing  the  frontals.  These  are  contracted  at 
the  orbits,  and  have  a  projecting  superciliary  head  ;  anteriorly  they  are 
thickened.  The  postfrontals  are  of  remarkable  form.  They  are  mas- 
sive, and  compressed  from  before  backwards  ;  they  rise  considerably 
above  the  level  of  the  front,  and  bear  on  their  summits  a  cotyloid  cavity, 
which  is  transverse  to  the  axis  of  the  cranium  ;  the  use  of  this  projection 
is  obscure.  There  is  an  exoccipital  foramen,  and  a  large  one  in  the  poste- 
rior part  of  the  frontal  opposite  the  postfrontal  elevation. 

The  sphenoid  is  a  compressed  keel-shaped  bone,  rounded  below,  and 
with  broad  alae  along  much  of  its  length.  The  occipital  condyle  is  sub- 
cordate  depressed  in  outline,  with  a  vertical  obtuse  angle  in  the  middle 
and  the  sides  somewhat  plane. 

A  dorsal  vertebra  preserved  has  a  single  vertical  capitular  process,  and 
a  short  hypapophysis.  The  neural  canal  is  large,  and  this  neurapophyses 
are  attached  by  sutures.  The  cup  is  nearly  round,  very  slightly  trans- 
verse, and  in  vertical  plane. 

The  cranium  is  smooth  above,  except  the  anterior  part  of  the  frontals, 
which  are  finely  rugose. 

This  genus  is  more  or  less  allied  to  the  Thecoglossa,  but  better  material 
will  be  requisite  to  decide  the  question  of  affinities  fully. 
Found  with  the  preceding  specimens. 

M. 

Width  cranium  at  postfrontals 072 

"      parietal  behind 012 

Depth  postfrontal 018 

"      pre-sphenoid  anteriorly 014 

Diameter  dorsal  vertebra  (cup) 007 

This  genus  differs  from  Olyptosaurus,  Marsh,  in  the  total  lack  of  cra- 
nial shields,  and  from  Saniva,  Leidy,  in  the  nearly  round  vertebral  centra. 

A.   p.   8. — ^VOL.   XII. — 3g 
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SECOND  ACCOUNT  OF  NEW  VERTEBRATA  FROM  THE 

BRIDGER  EOCENE. 

By  Edwabd  D.  Cope. 

{Bead  before  the  American  Philosophical  Society,  August  15,  1872.) 

Helotherium  procyokikum.     Cope.    Spec.  nov. 

This  species  is  distinguished  from  those  already  known  as  pertaining 

to  this  genus,  by  its  small  size,  as  it  did  not  much  exceed  the  raccoon  in 

dimensions.     The  size  of  a  right  superior  molar  is  as  follows : 

M. 

Length 0.007 

Width  posterior 0085 

"        anterior 006 

The  crown  presents  four  tubercles,  of  which  the  inner  are  flat  on  the 
posterior,  the  outer  flat  on  the  external  side.  The  posterior  external  has 
a  small  posterior  supplementary  lobe,  and  a  low  tubercle  intervenes  be- 
tween the  two  posterior.  An  anterior  and  a  posterior  cingulum.  Enamel 
smooth. 

Stypolophus  pungens.    Cope. 
Gen.  et  spec.  nov. 
This  genus  is  supposed  to  embrace  a  small  species  of  carnivorous  ani- 
mal found  by  the  writer  in  the  Eocene  formation  of  the  Bridger  Group. 
It  is  represented  by  the  posterior  portion  of  the  left  mandibular  ramus, 
which  contains  the  last  two  molars. 

The  generic  characters  are  seen  in  the  composition  of  these  molars, 
which  have  but  two  roots,  and  a  posterior  table,  as  is  seen  in  tubercular 
molars  of  some  mustelidcB.  The  anterior  two-thirds  of  the  crown  is  com- 
posed of  conic  cusps.  On  the  last  molars  these  are  in  two  series,  two 
lower,  of  the  inner,  and  one  more  elevated,  of  the  outer,  opposite  the  in- 
terval between  the  outer.  Its  outer  face  is  regularly  convex,  but  its 
posterior  forms,  with  that  of  the  outer  series,  a  single  flat  vertical  plane, 
which  forms  a  sharp  angle  with  the  inner  and  outer  faces  of  the  cusps. 

The  structure  is,  in  general,  somewhat  like  that  of  Mesonyx,  Cope,  but 
the  lack  of  cutting  edge  on  the  posterior  lobe,  and  the  two  rows  of  tuber- 
cles separates  it  at  once.  Dr.  Leidy  describes  Sinopa  as  having  a  sec- 
torial tooth,  as  in  ordinary  Carnivora,  with  an  interior  cusp,  hence  it  is 
not  probably  the  present  form,  although  this  species  was  about  the  size 
of  the  S.  rapax. 
The  enamel  is  smooth.     The  measurements  are  : 

M. 

Depth  ramus  at  last  molar 0.011 

Length  last  molar 0072 

Width  **    posteriorly 0040 

Height  inner  tubercle 0062 

"        external  "    (anterior) 0040 

This  species  was  about  the  size  of  the  gray  fox. 
From  the  bluffs  of  Cottonwood  Creek,  Wyoming. 
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Pantolestes  liONGicAUDUs.  Cope. 
Gen.  et  sp.  nov. 
This  form  is  one  of  those  mixed  types  which  are  so  abundant  in  the 
Bridger  Group.  Its  dental  formula  is  M.  3,  P.  M.  3  ;  c.  1,  incisors  un- 
known. The  molars  in  the  only  specimen  known  are  so  worn  as  to  pre- 
clude exact  description.  They  evidently  possessed  anterior  and  posterior 
lobes,  separated  by  a  valley,  which  was  most  expanded  on  the  inner  side. 
The  last  molar  exhibits  a  projecting  keel  posteriorly,  which  probably 
supported  a  small  tubercle.  The  three  premolars  are  all  two-rooted  and 
compressed  in  form.  The  last  presents  a  crown  composed  of  one  large 
anterior  compressed  cusp,  and  a  much  lower  posterior  one.  There  is  a 
slight  cingulum  in  front.  The  canine  is  lost,  but  its  alveolus  indicates 
that  it  was  a  stout  tooth. 

So  far  as  the  known  dental  structure  goes,  this  genus  resembles  nearly 
the  Notharctu9  of  Leidy  {Limnotherium  of  Marsh),  but  possesses  one 
premolar  tooth  less. 

The  mandibular  ramus  is  quite  slender,  and  there  is  a  large  foramen 
below  the  first  true  molar.     The  masseteric  fossa  is  pronounced. 

M. 

Length  of  dental  series  to  canine 0.0280 

*•        "    three  molars 0140 

"    second     "     0041 

Width     "        "         "     0030 

There  were  found  associated  with  this  jaw  some  caudal  vertebrae  of 
very  attenuated  form,  which  point  to  the  possession  of  a  long  tail  by  this 
animal.  One  of  these  displays  six  short  processes  arranged  round  the 
articular  extremity,  the  neural  arch  not  being  completed. 

M. 

Length 0,016 

Proximal  diameter 003 

Median  "        0018 

PSEUDOTOMUS  HIANS.      CopC 

Gen.  et  sp.  nov. 
This  form  is  interesting  as  the  only  member  of  the  Edentate  order  yet 
discovered  in  our  earlier  Tertiary  formations.  It  is  represented  by  a 
species  of  which  a  nearly  perfect  cranium  is  in  my  possession.  This  is 
about  the  size  of  an  agonti,  and  is  of  a  depressed  form.  It  has  a  thin 
molar  and  zygomatic  arch,  but  no  postorbital.  There  is  a  large  suborbital 
foramen.  The  dentition  consists  of  two  pairs  of  long  curved  teeth,  hav- 
ing much  the  form  and  position  of  the  cutting  teeth  of  Bodentia,  These 
are  placed  widely  apart  in  the  upper  jaw,  allowing  space  for  the  greater 
portion  of  the  premaxillary  between  them.  The  mandibular  cutters  are 
less  widely  separated  by  a  narrow  prolongation  of  the  symphysis.  The 
exposure  of  the  tooth  is  lateral,  its  direction  nearly  anterior.  It  projects 
anteriorly  very  little  beyond  the  symphysis,  and  has  a  horizontal  triturat- 
ing surface  below  the  level  of  the  latter.     Neither  pair  of  cutting  teeth 
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are  faced  with  enamel,  but  have  only  smooth  cementum  without  sculpture. 
There  are  no  molars,  but  the  inferior  face  of  the  maxillary  bone  is 
rugose  as  though  alveoli  had  been  absorbed.  There  are  traces  of  very 
shallow  alveoli. 

The  cast  of  the  brain  indicates  smooth  oval  hemispheres  which  leave 
the  cerebellum  and  olfactory  lobes  entirely  exposed.  The  latter  are  ovoid 
and  expanded  laterally. 

The  cranium  is  depressed,  and  has  a  trace  of  interparietal  crest.  The 
anterior  margin  of  the  temporal  fossa  is  marked  by  a  curved  angle  on 
each  side  of  the  frontal  bone.     The  supra-orbital  arch  is  very  short. 

This  curious  animal  reminds  me  of  a  small  Megalonyx  with  flattened 
cranium.  The  cutting  teeth  above  are,  however,  more  like  those  of 
rodents. 

M. 

Length  cranium  (3.5  in.) 0.090 

Width        "    (without  zygomas) 040 

"  "    near  end  of  nasals 027 

"    upper  cutting  tooth 007 

Depth        "        "        "     0085 

Length  exposed  part  lower  tooth 1)09 

Width        "  "        "        "    006 

HaDRIANUS  OCTONA.RIA.      CopC. 

Gen.  et  sp.  nov. 

This  is  a  genus  of  true  TestudinidcB,  designed  to  include  those  with 
double  anal  scuta,  and  posterior  lobe  of  the  plastron  bifurcate.  In  addi- 
tion to  the  species  above  named,  the  H,  quadratus  (Testudo  hadrianay 
Cope),  and  probably  the  species  to  which  belongs  a  small  piece  named  by 
Leidy,  T,  corsoniy  pertain  to  the  genus. 

The  H.  octonarius  is  distinguished  from  its  congener  in  many  ways. 
It  is  of  elongate  form,  strongly  contracted  at  the  bridges,  but  expanded 
and  arched  above  the  limbs.  The  carapace  in  quite  convex.  The  plas- 
tron has  the  posterior  lobe  emarginate  rather  than  bifurcate,  as  seen  in 
H.  quadratus.  Each  projection  represents  a  right-angled  triangle  rather 
than  a  wedge.  The  anterior  lobe  presents  an  elongate  lip,  which  is  ex- 
panded, and  slightly  emarginate  at  the  end.  The  mesostemal  bone  is 
heai-t-shaped,  the  posterior  emargination  being  wide  and  deep. 

The  anterior  margin  of  the  carapace  is  somewhat  flared  above  the 
limbs.  The  nuchal  scutum  is  very  narrow  transversely,  but  elongate. 
The  carapace  descends  and  is  incurved  in  the  middle  of  the  posterior 
margin. 

*  M. 

Length  (below) 730 

Width  at  middle 437 

"      at  hind  limbs 525 

This  species  differs  from  the  H.  quadratus  in  many  imi)ortant  points. 
It  is  perhaps  the  largest  of  our  extinct  land  tortoises,  and  is  founded  on 
a  beautifully  perfect  specimen  from  the  bluflfs  of  Cottonwood  Creek. 
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THIRD  ACCOUNT  OF  NEW  VERTEBRATA  FROM  THE  BRIDGER 
EOCENE  OF  WYOMING  TERRITORY. 

By  Edward  D,  Cope. 
{Bead  before  the  American  Philosophical  Society^  Septeinher  19,  1872.) 

Stypolophus  IN8ECTIV0RUS.  Copc.  Sp.  nov. 
Represented  by  a  posterior  molar  and  a  premolar  of  the  right  side  of 
an  animal  less  than  half  the  size  of  the  8,  pungens,  Cope.  The  molar 
presents  three  anterior  trihedral  acute  tubercles,  of  which,  one  is  exterior 
and  more  elevated  than  the  others.  Its  posterior  plane  forms  one  trans- 
verse face  with  that  of  the  inner  posterior.  The  posterior  tubercular 
heel  is  low,  and  supports  an  oblique  ridge  which  bounds  a  deep  groove 
behind  the  outer  cusp,  no  doubt  to  receive  that  of  the  upper  jaw.  This 
arrangement  is  not  seen  in  S,  pungens.  The  premolar  is  a  flat  cone  with 
faint  traces  of  a  tubercle  behind  and  cingulum  on  inner  side. 

M. 

Length  crown  molar 0.0050 

Height  inner  cusp 0040 

Length  heel 0025 

Width  crown 0030 

Height  crown  premolar 0040 

Length        "        "        0040 

Found  in  the  Eocene  Bad  Lands  of  Black's  Fork,  by  the  writer. 

Stypolophus  bbevicalcara^tus.  Cope.  Sp.  nov. 
Established  on  a  portion  of  the  left  mandibular  ramus,  containing  the 
penultimate  and  ante-penultimate  molars,  of  an  animal  of  larger  size 
than  the  type  of  the  genus  8,  pungens.  The  molars  have  the  general 
characters  of  the  corresponding  ones  of  that  species,  but  differ  in  their 
greater  elevation  in  comparison  with  their  length,  and  the  greater  convexity 
of  the  outer  side.  The  shortness  is  occasioned  by  the  abbreviation  of  the 
heel,  which  in  the  last  molar  present,  is  very  small  and  flat,  without  keel 
or  tubercle  on  its  surface.  That  of  the  molar  preceding  it  is  larger, 
and  presents  in  its  elevated  outer  margin,  a  trace  of  the  keel  seen  in  the 
smallest  species.     Enamel  smooth. 

M. 

Length  of  two  molars 0.016 

**        "   penultimate  crown 008 

Width    "  "  "        0047 

Length  "  "  heel 002 

There  is  some  relation  between  8typolophus  and  Triacodon,  Marsh.  If 
the  heel  of  the  molars  of  the  former  were  wanting,  they  would  be  those 
of  the  latter.  The  premolars  might  be  supposed  to  have  this  structure, 
but  the  form  seen  in  8.  insectivorus  disproves  this  view.  In  fact,  I  have 
seen  both  molars  and  premolars  of  Triacodon  aculeatus.  Cope,  and  the 
former  lack  the  heel  of  the  8typolophi  entirely. 
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MiACis  PARVIVORU8.  Cope.  Gen.  et  »p.  nov. 
Established  on  a  portion  of  the  right  ramus  mandibuli,  containing  por- 
tions of  three  molars,  the  penultimate  being  perfect.  As  in  CanidcBy  the 
molars  diminish  in  size  posteriorly,  the  last  being  single-rooted,  the 
penultimate  being  two-rooted.  The  structure  of  that  tooth  is  approx- 
imately that  of  8typolophu8,  i.  e.,  with  three  trihedral  cusps  in  front  and 
a  heel  behind,  but  the  cusps  are  of  equal  height,  and  their  point  of  union 
not  raised  above  the  surface  of  the  heel.  This  is  a  valley  bounded  by  a 
sharp  margin  which  is  incurved  to  the  outer  cusp,  leaving  a  vertical 
groove  on  the  outer  side,  as  in  Stypolophus  sp.  This  genus  further 
differs  from  that  one  in  the  single-rooted  small  tubercular  posterior  molar, 
which  is  wanting  in  that  one.  The  ante-penultimate  molar  is  much 
larger  than  the  penultimate.  The  crown  of  the  latter  is  laterally  ex- 
panded, and  bears  a  cingulum  at  the  base  antero-extemally.  Enamel 
smooth. 

M. 

Depth  ramus  at  penultimate  molar 0.0080 

Length  crown  of  ''  "     0040 

Elevation        "  '*  "     0025 

Width  "  "  "     0033 

Found  on  Black's  Fork  of  Green  River.  An  ally  of  Stypolophus  and 
Triacodon, 

TOMITHERIUM   R08TRATUM.     CopC.    GcU.  Ct  Sp.  UOV. 

Allied  to  NotharctxLS,  Leidy.  Dental  formula  ^t?1>  ^^  ^^  uninter- 
rupted series.  Last  molars  with  five  tubercles,  others  with  four;  all 
low  and  slightly  alternating,  the  outer  wearing  into  crescents.  Canines 
quite  small.  Incisors  very  prominent,  the  median  pair  with  transverse 
cutting  edges.     Symphysis  coossified,  projecting  in  front. 

I  base  the  distinction  between  this  genus  and  Notharctus  on  the  small 
canine,  and  the  sub-horizontal  position  of  the  incisors ;  believing  that 
when  other  portions  of  the  skeleton  are  studied,  other  differences  will 
appear.  This,  I  have  the  opportunity  pf  doing  with  material  now  in  my 
hands. 

The  a^acent  horns  of  the  two  outer  crescents  unite  with  the  anterior 
outer  tubercle  ;  the  posterior  outer  is  insignificant.  There  is  a  projection 
but  no  tubercle  in  front  of  the  outer  anterior  tubercle.  The  first  and 
second  premolars  have  but  one  root,  the  base  of  the  second  being  about 
the  size  of  the  base  of  the  canine.  The  latter  are  cylindric  at  base.  The 
incisors  form  a  parabolic  outline,  and  have  entire  edges,  the  middle  pair 
transverse  ones.  Enamel  generally  smooth,  premolars  somewhat  striate  ; 
an  indistinct  inner  cingulum. 

M. 

Length  of  entire  dental  series  (straight) ^ 0.044 

**        symphysis  mandibuli 020 

Depth  ramus  at  second  molar 010 

Length  crown  of      "  "     006 
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M. 

Width  crown  of  second  molar 0045 

"    between  two  "         "    014 

"  **        "    canines 005 

From  near  Black's  Fork  of  Green  River. 

I  would  refer  to  Notharctus,  my  Lophiotherium  tasachiense,  adding  the 
fifth  species  to  the  genus.  These  are  N,  gracilis,  Marsh,  N.  tyrannus, 
Marsh,  N,  tenebrosus,  Leidy,  N,  robustior,  Leidy,  and  N,  vasachiensis, 
Cope. 

Hadrianus  allabiatus.     Cope. 

This  large  land  tortoise  is  nearer  in  general  form  to  the  H,  quadratus 
than  to  the  H.  octonarius,  but  differs  from  both  in  the  absence  of  the  pro- 
jecting lip  of  the  anterior  lobe  of  the  plastron,  which  is  thus  simply 
truncate.  The  mesostemum  is  not  cordate,  but  has  much  the  shape  of 
that  of  ff.  quadratus,  that  is,  rhombic.  The  scutal  sutures  are  deeply  im- 
pressed. The  plastron  is  strongly  concave.  Carapace  without  irregu- 
larities of  the  surface.    Length  eighteen  inches. 

From  the  Bad  Lands  of  Cottonwood  Creek,  Wyoming. 

Emys  latilabiatus.     Cope. 

Represented  by  a  perfect  specimen  of  a  tortoise  of  a  broadly  oval  form, 
and  somewhat  terrestrial  habit.  Its  prominent  characters  are  to  be  seen 
in  the  plastron,  of  which  the  posterior  lobe  is  deeply  bifurcate.  The  an- 
terior lobe  is  peculiar  in  the  unusual  width  of  the  lip-like  projection  of 
the  clavicular  ("epistemar')  bone,  which  is  twice  as  wide  as  in  E,  Wyo- 
mingensis,  and  not  prominent.  Bones  all  smooth ;  margins  of  lobes  of 
plastron  thickened.     Length  of  shell,  one  foot. 

M. 

Width  of  lip  of  plastron 06 

Depth  of  posterior  notch 02 

From  near  Black's  Fork  of  Green  River. 

Protagras  lacustris.    Cope. 
Gen.  et  sp.  nov. 

A  serpent  of  about  the  size  of  the  existing  "Pine  Snake"  {Pityophis 
melanoleueus),  and  allied  to  the  water-snakes  of  Tropidonotus  and  allied 
genera. 

A  vertebra  before  me  has  the  longitudinal  hypapophysial  groove  of  that 
group,  which  terminates  in  a  very  obtuse  point.  The  ball  looks  exten- 
sively upwards.  The  upper  articular  extremity  of  the  parapophysis  is 
short  and  obtuse,  and  the  inferior  equally  so,  and  directed  shortly  down- 
wards. The  articular  face  being  continuous  with  each  other.  It  sends 
an  obtuse  keel  backwards,  which  terminates  in  front  of  the  ball.  The 
angle  connecting  the  diapophysis  and  zygapophyses  is  strong,  whiTe 
the  former  was  narrow ;  in  the  specimens  it  is  broken. 
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M. 

Length  of  centrum  below 0.009 

Depth  to  base  neural  spine,  in  front Oil 

Width  cup 0054 

Depth     " 0045 

Expanse  parapophyses  above 012 

"  "  below 008 

From  the  Bad  Lands  of  Cottonwood  Creek,  Wyoming. 


ON  A  NEW  GENUS  OF  PLEURODIRA  FROM  THE  EOCENE 
OF    WYOMING, 

By  Edwabd  D,  Cope, 

(Bead  before  the  American  Philosophical  Society^  Aug,  15,  1872.) 

The  following  observations  are  made  with  a  view  of  establishing  the 
stratigraphic  position  of  the  genus  of  tortoises  described  below.  They 
were  made  by  the  writer  while  prosecuting  a  palacontological  investiga- 
tion of  the  Tertiaries  of  Wyoming  for  Dr,  F,  V.  Hayden's  Geological 
Survey  of  the  Territories, 

The  strata  exposed  along  the  northern  and  eastern  shores  of  Bear  River, 
consist  of  alternate  sandstone,  argillaceous,  and  ,conglomerate  rocks  of 
the  Wahsatch  Group  of  Hayden.  They  dip  to  the  northeastward.  At 
the  coal  mines  below  (t.  d,,  N,  W,  of)  Evanstown,  the  series  is  capped  by 
a  heavy  bed  of  conglomerate.  At  a  point  seven  miles  above  («',  e,,  S.  E. 
of)  Evanstown,  the  strata  appear  in  the  following  order:  (1,)  anargilla* 
ceous  rock  just  appearing  above  the  river  level  at  high  water  ;  (2.)  25  feet 
of  sandstone  ;  (3.)  a  nodular  argillaceous  rock  of  a  red  and  ochreous 
color,  15  feet;  (4.)  10  feet  of  coarse  conglomerate;  (5.)  80  feet  of  sand- 
stones and  clays. 

At  a  poin{  eleven  miles  above  Evanstown,  the  conglomerate  haj^ 
descended  from  view,  and  the  bluffs  of  300  feet  in  height,  consist  of  the 
upper  members  of  the  group,  viz,  :  red  and  white  argillaceous  beds: 
sandstone  four  to  six  feet  in  thickness  ;  a  red  and  white  argillaceous 
stratum,  at  least  forty  feet ;  sandstone  3-4  feet,  and  a  capping  of  a  bard, 
brittle,  ash-colored  clay  rock  on  the  highest  points.  Ascending  five  miles 
further  to  the  N.  E.,  the  strata  are  observed  to  dip  in  a  direction  opposed 
to  those  at  Evanstown,  rising  gently  to  the  N.  K  One  of  the  heavier 
sandstone  strata  is  exposed  about  half  way  up  the  bluffs,  and  is  visible 
in  the  side  ravines.  Crossing  one  of  these,  and  climbing  the  opposite 
spur,  a  sandstone  identical  lithologically  with  those  just  described,  is  seen 
standing  vertically ;  and  succeeding  spurs  are  crowned  with  the  edges  of 
the  succeeding  sandstone  beds  standing  high  in  the  air.  Nearly  opposite 
Beartown,  a  mile  eastward  on  the  Union  Pacific  Railroad,  these  vertical 
sandstones  pass  into  a  conglomerate,  one  of  the  strata  being  composed 
equally  of  both,  a  gradual  lithological  transition  being  exhibited. 
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The  nature  of  tlie  flexure  of  these  strata  is  somewhat  obscure.  The 
succession  of  vertical  strata  is  quite  similar  to  that  already  noted  as  seen 
in  the  bluflfs  of  Evanstown,  and  the  conglomerate  would  thus  be  regarded 
as  the  superior  member.  Dr.  Hayden,  however,  describes  them  as  con- 
tiguous to  cretaceous  strata  further  east. 

We  are  assisted  in  concluding  as  to  whether  these  beds  which  descend 
abruptly  belong  to  the  Wahsatch  Group,  by  a  consideration  of  the  curious 
strata  exhibited  in  the  two  railroad  cuts  just  N.  W.  of  Beartown,  already 
described  and  figured  by  Dr.  Hayden,  in  his  report  on  the  Geology  of 
Wyoming,  1870,  p.  150-153.  In  these,  numerous  thin  strata,  horizontal 
on  the  western  end  of  the  exposures,  are  suddenly  decurved  and  become 
vertical  to  the  eastward,  both  directions  coinciding  with  those  of  the 
heavier  and  higher  beds  which  compose  the  bluffs  and  ridges  just 
described.  That  the  whole  is  an  anticlinal  with  the  opposite  strata  of  a 
very  unequal  dip,  is  rendered  probable  by  the  miniature  exhibition  seen 
in  the  section  of  the  lower  beds  in  the  railroad  cut. 

The  Wahsatch  beds  have  been  described  by  Dr.  Hayden  as  wanting  in 
vertebrate  fossils.  My  assistant,  Professor  Garman,  and  myself  succeeded, 
however,  in  discovering  a  number  of  species  in  the  upper  red  and  white 
strata  on  the  bluffs  eleven  miles  S-  E.  of  Evanstown,  or  near  the  bend  of 
Bear  River.  They  occurred  here  on  the  upper,  and  upper  middle  portions, 
of  the  exposure.  Extending  our  observations  to  the  ridges  of  bluffs 
further  to  the  southward,  we  found  the  same  strata  producing  similar* 
and  in  several  cases  the  same,  fossils.  They  appeared  lower  down  on  the 
exposures,  consistently  with  the  dip  of  the  strata,  though  a  few  were 
found  near  the  top  of  these,  also. 

The  species  obtained  were  as  follows : 

1.  Part  femur  of  an  ungulate,  as  large  as  Palceosy^ps  paludosus. 

2.  End  tibia  of  a  Perissodactyle  mammal. 

3.  Notharctus  vassacciensis,  Cope,  sp.  nov. 

4.  Dermal  scuta  of  crocodile. 

5.  Fragments  of  a  Crocodilian,  perhaps  C.  xiphodon. 

6.  Fragments  of  a  Trionyx,  near  Tr,  guttatus, 

7.  Notomorpha  testudinea,  gen.  nov.  of  tortoises. 

8.  "  gravis,  sp.  nov. 

9.  "  garmaniij  sp.  nov. 

10.  Fragments  of  an  unknown  reptile. 

11.  Lepidosteus  scuta,  perhaps  like  L,  gldber^ 
12  and  13.  Two  species  of  Unio. 

The  specimens  are  all  more  or  less  fragmentary,  and  vary  in  color  from 
nearly  white  to  iron-rust  color.  The  only  ones  whose  specific  characters 
are  -sufficiently  preserved  for  description  are  those  of  the  new  genus 
Notomorpha,  The  facies  resulting  from  the  association  of  Lepidosteus, 
C.  xiphodon  and  the  mammals,  is  that  of  the  Eocene  of  the  Bridger 
Group  on  the  eastern  side  of  the  Wahsatch.  The  new  genus  described 
has  no  Tertiary  or  Cretaceous  relationships ;  yet  the  only  Pleurodira  yet 
A.   p.   S. — ^VOL.   XII. — 3h 
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found  on  this  continent  are  Cretaceous,  and  the  mode  of  attachment  of 
pubis  in  these  species  resembles  nearly  that  seen  in  Notomorphaj  both 
differing  from  most  recent  genera  in  this  respect. 

NOTHARCTUS   VA8ACCIEN8IS.    Cope.    Sp.  nOV. 

Represented  by  a  portion  of  the  left  ramus  of  the  lower  jaw,  containing 
one  tooth  in  perfect  preservation.  The  structure  of  this  indicates  it  to 
be  the  second  true  molar,  and  presents  certain  features  of  distinction 
from  the  same  tooth  of  the  Lophiotherium  sylvaticumy  described  by  Dr. 
Leidy.  The  crown  presents  four  tubercles  which  are  arranged  in  pairs,  the 
separation  between  the  right  and  left  lobe  of  each  being  slight,  thus  giving 
the  tooth  the  appearance  of  having  two  transverse  crests  as  in  Hyraehyvs. 
The  two  anterior  and  outer  posterior  tubercles  are  fissured  by  wearing, 
but  the  inner  posterior  consists  of  two  acute  crests  which  meet,  presenting 
an  acute  angle  towards  the  adjoining  tubercle.  The  outer  posterior 
tubercle  sends  a  descending  crest  obliquely  to  the  base  of  the  inner 
anterior  tubercle  as  in  L.  sylvattcum,  A  small  tubercle  occupies  the 
space  behind  the  interval  between  the  posterior  tubercles  and  gives 
origin  to  a  cingulum  which  passes  round  the  bases  of  the  outer  tubercles. 
It  extends  round  the  front  of  the  tooth  to  the  outer  anterior  tubercle. 
Wear  would  produce  small  angular  crescents  from  the  two  posterior  and 
the  outer  anterior  tubercle.  Greatest  length  of  crown,  M.  0.008  ;  width, 
.006.     The  enamel  of  the  tubercles  is  rugose. 

This  ungulate  was  of  about  the  size  of  the  L.  sylvaticum,  or  equal  to 
the  raccoon.  It  differs  considerably  from  that  species  in  the  less  isolation 
of  the  tubercles  of  the  molar,  and  the  crescentic  form  of  the  inner  pos- 
terior. 

Found  by  Samuel  W.  Garman,  in  the  sti-ata  of  the  Wahsatch  Group, 
N.  E.  of  Evanstown,  Wyoming. 

NoTOMORPHA.  Cope. 

This  form  is  one  of  the  Pleurodira,  and  differs  from  most  of  those 
already  known  in  the  recent  and  fossil  states,  in  having  many  features 
relating  it  to  a  terrestrial  rather  than  an  aquatic  life.  The  elements  of 
the  carapace  and  plastron  are  massive,  and  the  fonner  was  well  arched ; 
both  exhibit  well  defined  grooves  for  the  sutures  of  the  dermal  scuta. 
The  mesosternum  is  broad  ovate,  and  the  bones  of  the  plastron  are  united 
by  immoveable  sutures.  The  elevated  lateral  processes  of  the  hyo  and 
hypostemal  bones,  are  not  broad,  and  unite  by  suture  with  the  lower 
plate  of  the  first  and  last  bridge-marginal  bones.  They  are  thus  recurved 
in  both  cases,  but  none  of  the  ribs  indicate  any  sutural  union,  as  is  seen 
in  various  genera.  The  costal  bones  unite  with  the  marginals  by  serrate 
suture. 

In  one  species  a  large  intergular  scutum  has  left  its  impression,  the 
gulars  being  lateral  and  rather  small.  The  anterior  lobe  of  the  plastron 
is  emarginate. 

The  sutural  union  of  the  pubis  with  the  xiphistemum  is  by  an  elongate 
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groove  in  a  longitudinal  elevation  of  the  bone,  much  as  in  the  Cretaceous 
genus,  Taphrosphys,  Cope.  The  point  of  attachment  of  the  ischium  is 
not  observed  nor  is  the  posterior  lobe  of  the  plastron  observed  in  any  of 
the  specimens.  The  external  part  of  the  hypoxiphistemal  suture  extends 
very  obliquely  backwards.  The  pubic  suture-groove  diverges  very  little 
from  a  line  parallel  with  the  common  xiphisternal  suture. 

Of  limb  bones  several  fragments  were  found  in  connection  with  the  JSf. 
testudinea,  but  are  too  large  to  be  referred  to  that  species.  One  is  the 
extremity  of  a  femur,  which  had  a  round  shaft  and  but  little  curvature. 
The  other  is  a  proximal  end,  with  a  flat,  wide  trochanter,  separated  from 
the  head  by  a  deep  notch,  and  with  a  slender  curved  shaft. 

The  genera  of  Pleurodira,  which  simulate  land  tortoises  most,  are 
found  in  Africa.  They  are  Sternothcerus  and  Pelomedusa,  They  are  dif- 
ferent enough  from  NotomorpJiay  the  former  in  its  hinged,  ten-plated 
plastron,  the  latter  in  its  intercalated  bone  of  the  plastron.  The  present 
form  is,  therefore,  of  interest  in  various  ways.  It  is  the  first  Pleurodira 
tortoise  found  west  of  New  Jersey,  and  is  the  first  of  that  division  known 
to  exist  in  the  Tertiary  formations  of  North  America.  As  compared 
with  those  from  the  Cretaceous,  it  is  distinct  in  many  respects. 

Specimens  of  this  genus  are  more  abundant  than  any  other  fossils  in 
the  localities  in  question.  In  two  of  the  individuals,  both  xiphisternal 
bones  are  preserved ;  in  one,  the  mesosternal ;  in  two,  the  episternals, 
etc.  Three  species  appear  to  be  represented  by  my  specimens,  which 
vary  from  the  size  of  the  salt-marsh  terrapin,  Malaclemmys  palustris,  to 
that  of  the  Mississippi  snapper,  Macrocliely%  lacertina. 

NOTOMORPHA  TESTUDINEA.      CopC.    SpCC.  UOV. 

Represented  by  portions  of  four  or  more  individuals.  In  one  of  these 
the  anterior  lobe  of  the  plastron  is  in  part  preserved.  The  mesosternum 
is  a  transverse  oval,  the  posterior  margin  regularly  convex,  the  anterior 
with  three  equal  borders.  The  median  of  these  is  concave.  The  sutures 
are  radiating,  and  the  groove  separating  the  humeral  scuta,  appears  to 
traverse  the  entire  length  of  the  bone.  The  outer  surface  is  gently  con- 
vex. The  free  margin  of  the  episternal  and  hyposternal  bones  is  acute, 
and  with  an  internal  thickening,  as  in  Cutudo,  Testudo,  etc.,  forming  a 
ridge,  with  abrupt  inner  face.  This  face  extends  backwards  as  a  groove, 
to  the  axillary  process  of  the  hyostemal,  forming  a  characteristic  mark. 
Although  the  extremity  of  the  episternal  bone  is  lost,  and  the  mesosternal 
exhibits  no  trace  of  the  intergular  scute,  the  outer  sutures  of  the  gular 
scuta  are  so  far  posterior,  as  to  render  it  highly  probable  that  the  inter- 
gular plate  existed.  At  the  point  where  this  suture  reaches  the  margin, 
the  latter  is  openly  emarginate.  The  posterior  suture  of  the  humeral 
scute  crosses  the  margin  half  way  between  the  axilla  and  the  episternal 
suture,  and  is  not  marked  by  a  notch.  The  last  named  suture  is  trans- 
verse. On  the  xiphisternal  bones  the  groove  of  the  anterior  suture  of 
the  anals  is  plainly  visible.  It  is  regularly  convex  forwards  and  in  one 
specimen  is  double. 
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In  a  second  specimen  of  about  the  same  size,  parts  of  two  costal  bones 
are  preserved.     They  are  thick,  and  display  the  usual  costal  and  vertebral 
scute-futures.     The  latter  one  in  a  groove,  for  the  middle  of  the  vertebrals 
is  elevated,  and  the  costals  project  shoulder-like  just  outside  the  groove. 
In  a  third  specimen  a  little  larger,  xiphistemals  with  several  marginals 
are  preserved.     A  free  posterior  marginal  is  regularly  recurved,  and  the 
scute-sutures  are  deeply  impressed.     The  marginal  scuta  have  evidently 
been  marked  with  concentric  grooves  within  their  margins.     The  first 
marginal  bone  of  the  bridge  has  a  very  obtuse  edge. 
In  none  of  the  speoim-ens  are  the  surfaces  sculptured. 
Measuriements, 

No.  1.  M. 

Width  plastron  at  axilla 0.086 

Length  plastron  from  axilla  (approximate) 05 

Thickness  hyostemal  at  mesosternal 009 

**  "  "  hyposternal 0065 

Width  mesosternal 037 

Length  **  026 

Thickness  of  a  vertebral 006 

"         "    xiphisternal  (normal) 004 

«*  "  "         at  pubis 007 

No.  2. 

Thickness  costal  at  hump 0075 

Width  of  costal 0175 

No.  3. 

Width  of  posterior  marginal 027 

Length  "  **  019 

The  mesosternal,  though  found  with  No.  1,  do3s  not  fit  it  exactly  and 
does  not  belong  to  it. 

NoTOMORPHA  GRAVIS.  Cope.  spccics  uova. 
This  species  is  known  by  portions  of  one,  and  probably  of  other  speci- 
mens. The  type  is  larger  than  any  of  the  last  described,  and  equalled  some 
of  the  Gheloniae  of  the  ocean  in  dimensions.  The  right  hyostemal  bone 
indicates  both  resemblance  and  difference  from  the  N,  testudinea.  The 
former  is  seen  in  the  internal  thickening  parallel  to  the  margin,  bounded 
behind  by  a  deep  groove  extending  to  the  axilla.  A  peculiarity,  in  which 
it  differs  from  the  y,  testudinea,  is  seen  in  the  posterior  position  of  the 
humero-pectoral  dermal  suture,  which  originates  at  the  axilla.  The  epi- 
hyosternal  suture  is  concave.  The  thickened  portion  of  the  epistemal 
margin  is  shorter  and  wider  than  in  the  species  just  named,  the  width 
being  to  the  length  as  2.5  to  2  ;  in  J^.  testudinea,  as  1.5  to  3. 

Thickness  of  hyostemal  anteriorly Oil 

Width  of  costal,  (?)  second  specimen 058 

Surfaces  not  sculptured. 
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NoTOMORPHA  GARMANii.    Copc.  spec.  nova. 

Represented  by  numerous  fragments  from  a  bluff,  six  miles  north  of  the 
Bear  River.  There  are  numerous  bones  of  the  carapace  and  plastron.  A 
chai-acteristic  piece  is  the  epistemal  bone.  It  displays  marked  difference 
from  the  same  element  in  the  type  of  the  genus,  in  lacking  the  acute  edge 
and  internal  thickening.  The  margin  is  obtusely  rounded  and  the  suture 
with  the  hyosternal  is  convave.  The  anterior  margin  is  truncate.  The 
dermal  sutural  grooves  are  well  marked.  There  is  a  large  intergular 
scutum,  which  evidently  encroached  considerably  on  the  mesosternal  (a 
piece  not  preserved)  and  probably  subtriangular  in  shape.  The  gulars 
are  reduced  to  triangular  areas  on  the  outer  anterior  angles,  the  suture, 
with  the  humeral,  being  in  front  of  the  middle  point  between  the  angle 
and  the  hyosternal  suture.  The  margin  is  less  distinctly  emarginate  at 
this  suture  than  in  iV.  testudinea. 

The  marginal  bones  belong  to  both  bridge  and  free  edge.  They  are 
all  much  thickened  medially,  but  with  thin  proximal  sutural  margins. 
The  free  ones  are  well  recurved,  and  with  regular,  rather  thickened 
margins.  The  bridge  marginals  have  very  obtuse  margins.  Their 
general  massiveness  is  in  contrast  to  the  thinness  of  the  costals  of  which 
there  are  numerous  fragments.  Portions  of  vertebral  bones  are  inter- 
mediate in  thickness.  There  is  no  thickening  or  ridge  on  each  side  of  the 
vertebral  scuta.  The  scutal  grooves  are  everywhere  well  marked.  The 
surface  of  the  marginals  and  epistemal  is  obsoletely  rugose,  somewhat  as 
in  some  species  of  TaphrosphySy  from  the  Cretaceous. 

This  species  was  about  the  size  of  i^.  gravis,  and  differs  from  it  in  the 
epistemal  bone,  etc. 

Measurements.  M. 

Length  of  epistemal  (approximate) 0.04 

**        from  posterior  suture  do.  to  gular  scute 02 

Thickness  epistemal,  behind Oil 

Length  of  a  marginal  bone 042 

Width  of  same  ''  "     045 

Thickness  "       "  "     015 

Width  of  a  bridge-marginal. 04 

Thickness  of  a  vertebral 007 

This  species  is  dedicated  to  my  assistant  and  friend.  Prof.  Saml.  W. 
Garman,  of  Chicago,  whose  eye  detected  the  fragments  which  teach  its 
character. 

At  a  future  time  it  is  hoped  that  a  fuller  account  of  the  fauna  of  this 
lake  basin,  now  enclosed  between  the  Eastern  and  Western  ranges  of  the 
Wahsatch  Mountains,  may  be  given. 
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ON  THE  TERTIARY  COAL  AND  FOSSILS  OF  OSINO,  NEVADA. 
By  Edward  D.  Cope. 

{Bead  before  the  American  Philosophical  Society,  July  19,  1872.) 

The  locality  of  the  exposure  of  these  coals  is  in  the  northeastern  por- 
tion of  Nevada,  twenty-five  miles  northeast  of  Elko,  on  the  Central  Pa- 
cific Railroad.  The  outcrop  is  on  the  south  side  of  the  low  mountain 
range,  bounding  Humboldt  Valley  on  the  north.  The  beds  are  exposed 
in  a  drift  and  adjacent  cutting,  and  a  shaft  200  feet  in  depth.  The 
strata  are  argillaceous,  and  in  some  degree  calcareous,  and  are  very  thinly 
laminated ;  so  much  so  as  to  resemble  thin  brown  or  black  paper  in  some 
portions  of  the  series.  They  are  highly  carbonaceous,  and  bum  freely  ; 
some  of  them  with  the  odor  of  amber,  which  appears  as  a  gloss  on  some 
of  them.  Descending  sixty  or  more  feet  through  these  shales,  we 
reach  a  bed  of  solid  argillaceous  material,  of  a  dark  green  color.  This 
can  be  removed  with  the  pick,  but  hardens  on  exposure  to  the  atmos- 
phere. It  contains  fresh- water  shells.  The  first  bed  of  coal  is  two  and 
a  half  feet  in  thickness,  with  one  or  two  laminse  of  slate.  The  second 
bed  is  twelve  feet  deeper,  and  is  about  three  feet  in  thickness.  In  qual- 
ity, both  resemble  cannel,  but  have  more  lustre. 

Masses  of  the  laminated  shales  resemble  the  hraun-kohle  of  Bonn, 
Prussia,  and  they  contain  fossils  disposed  in  the  same  way.  These  con- 
sist of  multitudes  of  leaves,  mostly  of  dicotyledonous  plants ;  of  molluscs, 
insects,  and  fis*hes;  the  last  two  often  in  a  fine  state  of  preservation. 
The  molluscs  present  forms  similar  to  Planorhis,  Vivipara,  etc.  The 
insects  are  mostly  Diptera,  and  some  of  them  are  Neihatocera.  The 
fishes  are  fresh-water  forms,  of  which,  perhaps,  four  species  were  pro- 
cured. I  have  made  an  examination  of  two  of  these,  and  find  them  to 
represent  both  species  and  genera  new  to  science.  One  of  these  is  of  in- 
terest, as  furnishing  the  first  evidence  of  the  appearance  of  the  Catostomid 
type,  now  so  extended  in  North  America;  the  other  is  allied  to  a  genus 
which  has  been  discovered  in  the  Eocene  shales  of  Green  River. 

The  shales  are  considerably  less  indurated  in  general  than  those  of 
Green  River.  They  have  been  greatly  disturbed  by  the  elevation  of  the 
ranges  bounding  Humboldt  Valley,  as  they  dip  nearly  south,  at  an  angle 
of  forty-five  degrees,  at  the  mine. 

The  same  shales  are  exposed  in  the  ravines  on  the  south  side  of  the 
valley,  dipping  at  one  point  where  a  drift  has  been  run,  at  an  angle  of 
forty-five  degrees  to  the  northeast.  They  contain  at  this  place  plants  and 
shells  similar  to  those  of  the  north  I'ange. 

The  descriptions  of  two  of  the  species  of  fishes  are  appended,  with  re- 
marks. Further  investigation  will,  no  doubt,  determine  the  age  of  this 
series. 

Extensive  beds  of  a  highly  silicious  amorphous  rock  appear  near  to 
these  shales,  one  series  being  exposed  in  a  neai'ly  horizontal  position  in 
the  valley,  but  little  below  the  coal  shales,  and  apparently  occupying  a 
higher  horizon.  They  are  filled  with  huge  silicious  concretions,  and  in 
many  places  assume  the  appearance  of  sandstone.     Similar  strata  of  sil- 
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icious  rock  cap  the  foot-hills  of  the  range,  forming  their  southern  slopes 
with  the  southern  dip,  appearing  to  be  nearly  conformable  to  the  shales. 
Their  escarpments  are  to  the  northward,  and  the  outcrops  are  fissured 
in  every  direction,  the  debris  being  scattered  over  the  lower  levels.  On 
one  of  these  rather  elevated  valleys  I  found  abundant  remains  of  the 
trunks  of  ancient  forest  trees,  completely  silicified.  Many  of  the  trunks 
must  have  measured  five  feet  in  diameter,  and  display  the  concentric 
laminas  of  the  dicotyledonous  type.  They  were  variously  altered ;  some 
becoming  chalcedony,  and  others  opal ;  portions  being  black,  red,  yellow, 
purple,  or  white,  of  great  purity. 

At  another  outcrop  of  the  silicious  strata,  a  few  miles  distant  from  the 
above  locality,  the  rock  was  found  to  be  variegated  by  concentric  bands 
of  red,  yellow,  black,  and  white.  Though  fine  in  texture,  it  is  not  suf- 
ficiently translucent  to  constitute  a  valuable  agate,  which  it  otherwise 
resembles. 

The  connection  between  these  silicious  strata  and  the  silicified  wood 
seems  apparent.  The  silica  deposited  in  sufficient  'quantities  to  form 
strata  of  from  twenty  to  forty  feet  in  thickness,  would  suffice  to  impreg- 
nate submerged  forests.  That  these  strata  are  of  sedimentary  age  is  not 
settled,  but  they  seem  to  be  conformable  to,  and  later  than  the  tertiary 
shales  just  described. 

Trichophanes.     Cope.     Gen.  nov. 

Allied  to  Frismatopterus,  Cope,  and  to  the  family  of  Gyprinodontidoe, 
Dorsal  and  anal  fins  short,  each  with  a  long  and  short  spinous  ray  on  the 
anterior  margin.  Ventrals  beneath  the  dorsal.  Operculum,  with  a 
longitudinal  keel  above.  Mouth  with  wide  gape,  extending  beyond  oi'bit. 
Scales  wanting,  represented  by  rigid  fringes  or  hair-like  bodies. 

Several  important  characters  of  this  genus  are  not  very  distinctly  dis- 
played by  the  specimen  described.  This  is  especially  the  case  with  the 
maxillary  region.  The  premaxillary  bone  evidently  forms  a  large  part 
of  the  arcade  of  the  mouth,  but  whether  the  whole,  is  not  certain.  The 
presence  of  teeth,  and  number  of  branchiostegal  radii,  cannot  be  stated. 

Other  points,  more  definitely  exhibited,  are  a  preoperculum  without 
serrations,  directed  a  little  obliquely  backwards  ;  a  coracoid  of  little 
width ;  an  inferior  postclavicle  with  a  superior  (proximal)  conchoidal  ex- 
pansion and  long,  slender  shaft,  extending  to  the  anterior  extremity  of 
the  femora.  The  latter  are  quite  slender  and  acuminate  anteriorly,  and 
grooved  to  the  apex,  but  apparently  not  furcate.  They  do  not  present 
any  marked  posterior  union.     Vertebrae  not  elongate. 

Caudal  fin  furcate.  Intemeural  spines  wanting  in  front  of  dorsal  fin ; 
those  of  the  anterior  rays  very  strong.  Interhsemals  of  the  anterior  anal 
rays  similarly  strong.  Caudal  fin  embracing  one  vertebra,  and  sup- 
ported by  separated  hsBmal  spines. 

The  characters  which  separate  Trichophanes  from  ErismaUpterus,  are 
seen  in  the  large  mouth  and  short  muzzle,  and  in  the  peculiar  covering  of 
the  body.     In  the  former  character  it  resembles  some   of  the  Scopeliy 
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while  the  latter  is  not  seen  in  any  genus.  The  bristle-like  bodies  are 
scattered  over  the  whole  extent  of  the  fish,  excepting  the  head  and  the 
fins,  and  are  arranged  in  little  aggregations,  which  are  irregularly  dis- 
posed. The  processes  themselves  lie  irregularly  together,  as  though 
free  from  each  other,  and  are  evidently  not  the  impressions  of  keels  of 
the  scales.  Traces  of  other  scales  are  not  visible,  and  the  bodies  described 
would  suggest  the  existence  of  an  ossified  ctenoid  fringe  on  a  less  fully 
calcified  scale^  or  possibly  without  such  basis. 

Tbichophanes  wlass.    Cope,    8p.  nov. 

Vertebrae,  D.  9 ;  C.  15 ;  six  between  interneural  spine  or  dorsal,  and 
interhaemal  of  anal  fin.  Radii,  P..  II.  (?)  6  (soft  rays  somewhat  injured)  ; 
A.  II.  7;  V.  and  P.  not  all  preserved;  caudal  rays  numerous,  forming  a 
deeply  bifurcate  fin.  The  ventrals  reach  a  little  over  half  way  to  the 
anal,  and  the  latter  about  halT  way  from  its  basis  to  that  of  the  caudal 
fin.  The  dorsal  fin,,  laid  backwards,,  reaches  the  line  of  the  base  of  the 
first  anal  ray.  The  grst  dorsal  ray  is  a  little  nearer  the  end  of  the  muzzle 
than  the  origin  of  the  caudal  fin.  The  muzzle  is  very  obtuse,  and  if  the 
specimen  be  not  distorted,  not  longer  than  the  diameter  of  the  orbit. 
The  gape  extends  at  least  to  the  posterior  line  of  the  orbit.  The  subor- 
bital region  deep  posteriorly. 

In  its  present  somewhat  distorted  condition  the  specimen  measures  in 

M. 

Total  length 0.059 

Head 016 

YertebraB 029 

Caudal  fin 0142 

Length  dorsal  spine 008 

"        anal 008 

"        of  hair-like  bodies 0005 

Amyzon.     Cope.     Gtenus  novum  Catostomidarum. 

Allied  to  Bubalichthys.  Dorsal  fin  elongate,  with  a  few  fulcral  spines 
in  front,  and  the  anterior  jointed  rays  osseous  for  a  considerable  part  of 
the  length.  A  few  short  osseous  rays  at  front  of  anal  fin.  Scales  cycloid. 
Caudal  fin  emarginate.     Mouth  rather  large,  terminal. 

The  characters  of  this  genus  appear  to  be  those  of  the  Catostomida. 
There  are  three  broad  branchiostegals.  The  vertebrae  are  short,  and  the 
haemal  spines  of  the  caudal  fin  are  distinct  and  rather  narrow.  In  one 
specimen  a  pharyngeal  bone  is  completely  preserved.  Not  having  it 
before  me  at  the  moment,  I  merely  observe  that  it  is  slender,  and  with 
elongate  inferior  limb.  The  teeth  are  arranged  comb-like,  are  truncate, 
and  number  about  thirty  to  forty.  This  and  other  portions  of  the  struc- 
ture will  be  more  fully  described  when  the  whole  series  of  specimens  is 
investigated.  The  bones  bordering  the  mouth  above  are  a  little  dis- 
placed, and  the  lower  jaw  projects  beyond  them,  and  is  directed  obliquely 
upwards.     The  dentary  bone  is  slender  and  toothless,  and  the  angular  is 
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distinct.  The  premaxillary  appears  to  extend  beneath  the  whole  length 
of  the  maxillary.  Should  this  feature  be  substantiated,  it  will  indi- 
cate a  resemblance  to  Cyprinidae.  The  maxillary  has  a  high  expansion 
of  its  superior  margin,  and  then  contracts  towards  its  extremity.  Above 
it  two  bones  descend  steeply  from  above,  which  may  be  out  of  position. 
The  preoperculum  is  not  serrate.     The  superior  ribs  are  well  developed. 

This  form  approaches,  in  its  anterior  mouth,  the  true  Cyprinidae 
through  Bubalichthys,  It  is  the  first  extinct  form  of  Catostomidae  found 
in  this  country. 

Amyzon  mbntale.     Cope.    Species  nova. 

This  fish  occurs  in  considerable  numbers  in  the  Osino  shales,  and  nu- 
merous specimens  have  been  procured.  Two  only  of  these  are  before 
me  at  present.  They  are  of  nearly  similar  length,  viz.,  M.  O.  .12  and 
.105.  The  most  elevated  portion  of  the  dorsal  outline  is  immediately  in 
front  of  the  dorsal  fin.  From  this  point  the  body  contracts  regularly  v- 
the  caudal  fin.  The  dorsal  fin  is  long,  and  is  ejevated  in  front  and  con- 
cave in  outline,  the  last  rays  being  quite  short.  They  terminate  one 
half  the  length  of  the  fin  in  front  of  the  caudal  fin.  The  interneural 
spines  are  stout  in  front  and  weak  behind.  Radii,  III.  26,  and  (?)  II.  23. 
There  are  about  twenty-three  vertebrae  between  the  first  interneural 
spine  and  the  end  of  the  series  in  the  former  specimen,  in  which,  also, 
there  are  no  distinct  remains  of  scales.  In  the  second,  scales  are  pre- 
served, but  no  trace  of  lateral  line ;  there  are  six  or  seven  longitudinal 
rows  above  the  vertebral  column.  The  anal  fin  is  preserved  somewhat 
damaged  ;  the  rays  are  not  very  long,  and  number  II.  7.  The  anterior 
interhaemal  is  expanded  into  a  keel  anteriorly.     Ventral  fins  injured. 

The  ribs  and  supplementaries  are  well  developed.  The  inferior  quad- 
rate is  a  broad  bone,  with  deep  emargination  for  the  symplectic.  Depth 
No.  2  in  front  of  dorsal  fin,  M  .025.    Length  basis  of  dorsal,  .026. 


ON  THE  EXISTENCE  OF  DINOSAURIA  IN  THE  TRANSITION 

BEDS    OF    WYOMING. 

By  Edward  D.  Cope. 

(Bead  before  the  American  Philosophical  Society,  Sept,  19,  1872.) 

During  the  present  season,  F.  B.  Meek,  of  Dr.  F.  V.  Hayden's  Geolog- 
ical Survey  of  the  Territories,  discovered  some  large  bones  near  Black 
Buttes  Station,  on  the  Union  Pacific  Railroad,  fifty-two  miles  east  of 
Green  River,  and  near  the  Hallville  Coal  Mines.  Shortly  afterwards  I 
visited  the  spot  with  a  branch  expedition,  and  commenced  excavations 
with  a  view  to  the  recovery  of  the  remainder  of  the  animal.  The  posi- 
tion was  discovered  to  be  between  the  thinner  or  lower  strata  of  the 
Bitter  Creek  series  of  coal,  which  at  this  point,  occupy  a  position  of 
elevation  and  crop  out  high  on  the  bluffs.  Two  strata  appear  above  the 
A.  p.   S.— VOL.  XII. — 3i 
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sandstone  in  which  the  bones  occur,  and  one  below  it.  The  portions  of 
the  skeleton  found,  rested  in  the  midst  of  vegetable  debris,  as  sticks  and 
stems,  and  was  covered  with  many  beautiful  dicotyledonous  leaves,  which 
filled  the  interstices  between  the  bones.  The  plant-bed  gradually  passed 
into  a  shell-bed,  containing  numerous  thin  dimyaria,  and  close  by,  some 
oysters  were  found.  The  whole  question  as  to  geologic  age  and  aqueous 
conditions  during  which  these  beds  were  deposited,  being  unsettled,  I 
gave  especial  attention  to  the  recovery  of  the  bones,  with  the  view  of 
reaching  a  definite  conclusion  on  these  points. 

We  succeeded  in  recovering  sixteen  vertebrae,  including  a  i)€rfect 
sacrum,  with  dorsals  and  eaudals;  both  iliac  and  other  pelvic  bones, 
those  of  one  side  nearly  perfect ;  some  bones  of  the  limbs,  ribs  and  other 
parts  not  determined. 

The  vertebrae  are  large.  The  dorsals  are  short,  with  vertically  oval 
centra,  and  small  neural  canal.  The  diapophyses  originate  well  above 
the  neural  canal,  diverge  upwards,  and  are  triangular  in  section.  The 
neural  spine  is  very  much  elevated,  and  the  arch  short  antero-pos- 
teriorly.  The  zygapophyses  are  close  together  in  both  directions,  those 
of  the  same  aspect  being  separated  by  a  narrow  keel  only.  They  no  not 
project,  but  consist  of  articular  surfaces  cut  into  the  solid  spine.  The 
latter  is  flat  and  dilated  distally.  The  articular  faces  are  nearly  plane 
with  a  slight  median  prominence. 

The  ribs  have  two  articular  surfaces,  but  I  found  no  capitular  pit  on 
the  dorsal  centra. 

Elevation  of  centrum,  7.5  in.  ;  width  of  the  same,  5  in.  7.5  lines  ;  length 
of  do.  3  in.  8.5  lines.  Total  elevation  of  a  dorsal  vertebra,  twenty-eight 
inches  three  lines.  The  sacrum  consists  of  five  vertebrae,  the  anterior 
centrum  not  depressed.  They  give  out  huge  diapophyses  which  are 
united  by  suture.  They  are  themselves  united  distally  in  pairs,  each 
pair  supporting  a  longitudinal  convex  articular  face  for  the  ilium.  Each 
pair  encloses  a  perforation  with  the  centra.  The  first  diapophysis  goes 
off  from  the  point  of  junction  of  the  first  and  second  vertebrae,  the  second 
from  the  third  only,  and  is  more  slender.  The  total  length  is  25  in. ; 
and  the  width  30  in.  Its  vertebrae  are  flat  below,  with  latero-inferior 
angles.     The  last  centrum  gives  off  a  simple  diapophysis. 

Another  vertebra  exhibits  a  diapophysis  as  low  as  the  floor  of  the  neural 
canal  and  united  by  coarse  suture.  Others  posterior  to  the  sacrum  are 
more  elongate  with  slightly  compressed  centrum,  and  with  diapophysis 
opposite  floor  of  canal  and  not  united  by  suture.  Centra  flat  below ;  no 
chevron  bones  discoverable.  Length  centrum,  4  in.  4  lines ;  depth  of 
articular  face,  4  in. ;  width  of  do.  4  in.  3  lines. 

The  iliac  bone  is  extended  antero-posteriorly.  One  extremity  is  thick 
and  rather  obtuse,  but  of  little  depth.  There  is  a  large  protuberance 
above  the  acetabular  sinus.  The  other  extremity  is  dilated  into  a  flat 
thin  plate  of  rather  greater  length  than  the  stouter  extremity.    From 
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one  of  its  margins,  a  rod-like  element  projects.     Its  total  length  is  about 
four  feet,  of  which  the  acetabular  sinus  measures  about  8.10  inches. 

A  short  bone  pertaining  to  the  limbs  has  the  articular  surfaces  at  a 
strong  angle  to  each  other,  hence  the  shaft  is  twisted.  It  is  deeply 
grooved  on  one  side  near  the  extremity.  The  other  extremity  bears  a 
rather  flattened  hour-glass  shaped  articular  face,  and  below  it  on  one 
angle  is  a  crest.  The  convexity  of  the  surface  is  not  great,  and  this 
extremity  resembles  that  of  a  Dinosaurian  or  Crocodilian  reptile.  Its 
length  is,  however,  only  eight  and  a  quarter  inches  ;  apparently  too  small 
for  a  humerus,  though  this  is  not  certain,  while  it  is  decidedly  too  small 
for  a  metatarsal  of  such  an  animal. 

From  the  above  description,  it  is  evident  that  the  animal  of  Black 
Buttes  is  a  Dinosauran  reptile,  the  characters  of  the  sacral  and  iliac 
bones  alone  sufficing  to  demonstrate  this  point.  If  the  reader  will 
compare  the  measurements  given  for  species  of  this  group  already  known, 
he  will  observe  that  those  of  the  present  animal  exceed  those  yet  described 
from  North  America.  It  is  possible  that  if  the  corresponding  parts  of 
Hadrosaurus  tripos,  Cope,  or  Thespesius  occidentalis,  Leidy,  are  dis- 
covered, they  may  approach  it. 

It  is  thus  conclusively  proven  that  the  coal  strata  of  the  Bitter 
Creek  Basin  of  Wyoming  Territory,  which  embraces  the  greater  area 
yet  discovered,  were  deposited  during  the  Cretaceous  period,  and  not 
during  the  Tertiary,  though  not  long  preceding  the  latter.  It  ap- 
pears that  the  forests  that  intervened  between  the  swamps  of  epochs, 
during  which  the  coal  was  formed,  were  inhabited  by  these  huge  mon- 
sters. That  one  of  them  laid  down  to  die  near  the  shore  of  probably  a 
brackish-water  inlet,  and  was  soon  covered  by  the  thickly  fallen  leaves  of 
the  wood.  That  continued  subsidence  of  the  level  submerged  the  bones, 
which  were  then  coverecf  by  sand. 

The  form  of  the  ilium  differs  very  materially  from  that  of  Hadrosau- 
rus, and  the  vei-tebrsB  are  plane,  thus  differing  from  Thespesius.  The 
limb  bone  is  distinct  from  anything  in  Lmlaps,  which,  moreover,  probably 
i-esembles  Thegalosaurus  in  its  ilium.  The  present  form  recalls  rather 
Cetiosaurus.  As  it  is  evidently  new  to  our  system,  it  may  be  called 
Agathaumas  sylvestris. 


NOTICES  OF  NEW  VERTEBRATA  FROM  THE  UPPER  WATERS 

OF  BITTER  CREEK,  WYOMING  TERRITORY. 

By  Edward  D.  Cope. 

(Bead  before  the  American  Philosophical  Society,  September  19,  1872.) 

Synoplotherium  canius.     Cope.     Gen.  et  sp.  nov. 
This  genus  possesses  the  dental  foimula  so  far  as  known,  I.  Jc.^M|.     In 
the  only  specimen  with  molars,  the  crowns  are  much  worn,  but  in  all, 
the  antero-posterior  much  exceeds  the  transverse  diameter,  and  consisted 
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of  two  lobes.  The  posterior  molar  had  no  more  lobes,  and  is  smaller 
than  the  penultimate.  The  first  is  two-rooted^  and  is  separated  by  a  wide 
space  from  the  inferior  canine.  The  superior  canine  is  of  disproportion- 
ately large  size^  and  issues  a  little  behind  the  premaxillary  suture.  The 
incisions  are  crowded  closely  together,  and  are  of  conic  form.  The  ex- 
terior is  several  times  as  large  as  the  others.  The  inferior  incisors  are  of 
huge  size,  project  upwards  after  the  manner  of  rodents,  and  are  inserted 
by  a  short  base  into  the  solid  symphysis.  They  are  separated  by  a  short 
interspace,  which  is  without  alveoli. 

The  fore  foot  possesses  four  digits,  of  which  the  inner  is  considerably 
the  shorter.  Phalanges  not  slender  ;  ungueals  flat,  deeply  fissured  above. 
Caudal  vertebrae  slender. 

This  most  remarkable  genus  is  not  at  present  referable  to  its  proper 
order.  The  superior  anterior  teeth  are  of  carnivorous  type ;  the  opposing 
teeth  look  like  those  of  rodents,,  while  the  molar  teeth  diflfer  from  both. 
It  is  allied  to  AncMppoduSy  Leidy,  which  is  only  known  from  mandibles. 
This  form  Dr.  Leidy  has  called  the  ** gnawing  hog,"  but,^  as  it  probably 
exhibits  a  structure  similar  to  that  seen  in  the  present  genus,  it  is  obvi- 
ous that  tlie  huge  symphyseal  teeth  were  not  designed  for  gnawing  in 
the  usual  sense.  I  suspect  these  animals  to  have  lived  largely  on  turtles,* 
and  that  the  structure  in  c[uestion  was  adapted  for  crushing  their  shells. 
This  is  the  more  likely  from  the  prodigious  number  of  turtles  which  must 
have  existed  contemporaneously  with  them.  There  are  twenty  species 
described  from  the  Bridger  foi-mation,  and  their  numbers  ai-e  legion,  as 
already  described  by  Professor  Marsh.  Their  bones  are  always  in  sight, 
and  six  or  eight  are  not  unfrequently  found  lying  together. 

Char,  specif.  The  mandibular  rami,  posterior  to  the  symphysis,  are  not 
heavily  constructed.  The  symphyseal  teeth  are  very  stout,  and  exhibit 
two  longitudinal  grooves  on  the  outer  and  outer  inferior  face;  the  shaft  is 
compressed,  and  the  worn  surface  is  on  the  outer  side,  as  produced  by 
the  canines,  and  on  the  extremity,  produced  by  the  outer  incisor.  The 
superior  canine  is  compressed,  and  as  large  as  that  of  a  grixzly 
bear.  The  outer  incisor  is  nearly  straight,  and  with  conic  crown.  A 
large  part  of  its  shaft  is  exposed  at  the  bottom  of  a  wide  vertical 
groove,  which  extends  upwards  between  the  canine  tooth  and  a  ridge  de- 
scending from  the  edge  of  the  nares.  The  external  nareal  opening  is  en- 
tirely anterior,  and  is  narrowed  below,  in  accordance  with  the  narrowing 
of  the  premaxillaries. 

M. 
Length  of  interior  dental  series  to  bases  of  symphyseal 

tooth 0.170 

Depth  ramus  at  last  molar 050 

Length  symphysis 060 

"      muzzle  from  canine 017 

Length  symphyseal  tooth  projected 010 

Diameter        <*  "  **         026 

"  canine  <*  **        023 

*  This  view  was  already  expressed  in  The  jFVicnd,  Philada. ,  1872,  Winter 
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If  the  body  of  this  animal  were  of  usual  proportions  as  relates  to  the 
skull,  it  was  about  the  size  of  the  black  bear  ( TJrBU%  amsricanus).  The 
worn  condition  of  the  teeth  indicates  an  old  animal,  and  one  that  had 
lived  on  hard  food. 

EOBASILEUfi  CORNUTCS.    Cope, 

Gen.  et  sp.  nov. 
Established  on  remains  of  five  individuals  of  the  average  size  of  the 
Mastodon  ohioticus.  These  indicate  clearly  a  form  of  proboscidian  not 
before  recognized.  The  structure  of  the  tibia  and  astragalus,  clearly 
indicate  that  the  species  is  not  artiodactyle,  while  the  perfectly  simple 
femur  is  not  perissodactyle.  The  posterior  part  of  the  cranium,  and  the 
short  stout  phalanges  are  proboscidian.  The  existence  of  horns  on  the 
frontal  bones  separates  it  at  once  from  Binotherium,  Mastodon,  Stegodon, 
or  Elephas,  and  indicates  a  remarkable  combination  of  structure  not 
before  known  to  naturalists.  The  gigantic  size  of  the  typical  species 
adds  to  its  interest,  and  shows  it  to  have  been  the  monarch  of  the  remark- 
able fauna  disclosed  by  recent  researches  in  Wyoming. 

The  distal  extremities  of  both  humerus  and  femur  are  flat,  the  former 
with  oblique  trochlear  face  and  shallow  olecranar  fossa.  The  great  tro- 
chanter of  the  femur  is  flat  and  not  recurved  ;  little  trochanter  wanting. 
Spine  of  tibia  very  obtuse  ;  distal  extremity  little  excavated.  Distal 
extremity  of  phalanges  not  divided  by  trochlear  ridge. 

Articular  extremities  of  vertebrae  plane  ;  the  cervicals  very  short. 
Cranium  with  vertical  occiput  with  broad  convex  superior  outline. 
Temporal  fossae  lateral,  posteriorly  small,      Horn-cores  obtuse,   com- 
pressed, most  at  base  ;  direction  divergent. 

Number  1.  M. 

Length  of  horn-cores  (6  inches) 0.153 

Elevation  occiput  from  foramen  magnum 180 

Width  across  supra-occipital  crest 315 

"      of  condyles  with  foramen 206 

**       **  paramastoid  process 087 

Number  2. 

Transverse  diameter  condyles  humerus 185 

Number  3. 

Diameter  extremity  tibia  (transverse) 126 

"  **  **     (antero-posterior) 096 

"        head  **     (transverse) 140 

**        glenoid  cavity  scapula 150 

Further  details  of  the  structure  of  this  animal  will  be  sought  for  with 
interest.  From  the  manner  of  its  occurrence,  it  probably  went  in  families 

or  herds. 

Crocodilus  clavis.    Cope. 

This  is  a  large  species  with  a  muzzle  of  narrowed  proportions  and 

sufficient  depth  to  give  it  a  broad  oval  section.     The  nasal  bones  appear 

to  have  reached  the  nareal  orifice.     The  anterior  superior  teeth  are  very 

large,  especially  the  canine.     The  inferior  tooth  corresponding  is  large, 
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and  occupies  an  emargination  which  approaches  near  to  the  nasal  suture. 
The  pitting  of  the  muzzle  is  fine,  and  the  swollen  interspaces  much  the 
wider.  The  teeth  have  stout  conic  crowns,  with  well-developed  cutting 
edges  and  coarse  striate  sculpture.  The  mandible  is  acuminate  to  the 
narrow  extremity,  and  has  a  long  symphysis,  which  extends  to  opposite 
the  third  tooth  behind  the  notch.  The  cervical  vertebrae  preserved,  have 
round  cups  ;  they  have  a  simple  elongate  hypapophysis  with  a  pit  behind 
it ;  shoulder  very  prominent. 

M. 

Length  of  ramus  with      teeth 

**      **    symphysis 135 

Width  do.  at  end  of  symphysis 085 

**     do.  "      mandible 020 

**    maxillary  at  third  tooth  above 060 

**  "        **    notch  above 020 

This  species  lias  a  more  slender  muzzle  than  those  described  by  Marsh 
and  Leidy,  and  is  of  larger  size. 

Rhinbastes  peltatus.  Cope. 
Gen.  et  sp.  nov.  Nematognathorum. 
Established  on  cranial  and  other  bones,  with  spines  of  a  silurifonn  fish 
of  the  size  of  the  largest  species  of  Amiurus,  The  form,  in  the  excessive 
rugosity  of  the  external  long  surfaces,  reminds  one  of  some  of  the  Bra- 
zilian DoradeB,  The  frontal  fontanelle  is  closed,  though  very  distinctly 
marked  by  a  groove  of  the  surface  not  rugose.  The  rugosity  consists  of 
innumerable,  packed  osseous  papillsB.  The  cranial  ossification  is  con- 
tinued posteriorly  as  a  shield,  which  is  strongly  convex  from  side  to  side. 
The  spine  is  symmetrical,  and  probably  dorsal.  It  is  compressed  and  curved 
antero-posteriorly,  and  is  deeply  grooved  behind.  Laterally  it  is  closely 
striate  grooved  ;  the  anterior  face  is  narrowed,  obtuse,  and  minutely  ser- 
rate with  cross  ridges  ;  each  side  of  it  is  rugose  with  several  irregular 
series  of  pronounced  tubercles,  arranged  transversely. 

M. 

Width  frontal  bone  near  front  of  fontanelle 0.012 

Thickness  at  do 004 

"        **       of  casque 004 

Width  spine 005 

Depth      **     009 

Rhineabtes  smithii.  Cope. 
Indicated  by  a  dori^l  spine  of  an  individual  of  smaller  size  than  the 
type  of  the  last  named.  It  is  less  rugose,  and  more  fiimly  striate,  and 
possesses  a  row  of  short  reverted  spines  in  its  posterior  groove.  The 
anterior  edge  is  furnished  with  a  finely  serrate  keel,  which  has  a  groove 
on  each  side  at  the  base.  The  section  is  oval,  the  posterior  face  not  being 
flattened  as  in  the  last  species.  Antero-posterior  diameter  near  middle 
M.  .005  ;  at  base  .006  ;  width  behind  above  base  .006. 

Named  for  my  respected  friend,  Daniel  B.  Smith,  of  Germantown  ; 
many  years  Principal  of  Haverford  College,  and  a  student  and  lover  of 
the  Natural  Sciences. 
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SECOND  NOTICE  OF  EXTINCT  VERTEBRATES  PROM  BITTER 

CREEK,  WYOMING. 

By   Edward   D.    Cope. 

{Read  before  the  American  Philosophical  Society,  Sept.  19,  1872.) 

Pal^osyops  vallidens.    Cope.     Sp.  nov. 

Represented  by  the  dentition  of  one  maxillary  bone  with  other  bones 
of  one  individual ;  a  portion  of  the  same  dentition  of  a  second ;  with 
both  rami  of  the  mandible  with  complete  dentition  of  a  third.  The  spe- 
cies is  distinguished  by  the  details  of  the  dental  structure,  and  by  the 
superior  size.  It  exceeds,  in  this  respect,  the  Palasosyops  major,  Leidy  ; 
while  the  three  posterior  lower  molars  measure  4.5  inches  in  length,  the 
same  teeth  of  the  present  animal  measure  5.25  inches.  The  last  superior 
molar  of  another  specimen  measures  2  inches  in  length  ;  in  the  third  the 
first  true  molar  is  1.5  inch  in  length,  while  the  last  inferior  molar  is  2.25 
inches  long.  The  peculiarity  in  the  structure  of  the  superior  molars  consists 
in  the  existence  of  two  strong  transverse  ridges,  which  connect  the  inner 
tubercle  with  the  outer  crescents,  enclosing  a  pit  between  them.  These 
are  most  marked  on  the  premolars,  where  also  is  found  the  peculiarity  of 
the  almost  entire  fusion  of  the  outer  crescents  into  a  single  ridge.  These 
united  crescents  are  narrower  than  in  P.  major,  and  the  summits  of  all 
the  crescents  are  relatively  more  elevated.  The  number  of  inner  tubercles 
is  the  same  as  in  that  species  ;  all  the  teeth  have  very  strong  basal  cin- 
gula,  which  rise  up  on  the  inner  tubercle.  The  last  inferior  molar  is 
relatively  narrower  than  in  P.  major,  and  the  posterior  tubercle  is  larger 
and  longer,  and  is  an  elevated  cone. 

This  species  is,  after  those  next  described,  the  largest  mammal  of  the 
Wyoming  Eocene. 

LoxoLOPHODON.     Cope. 
(Proceed.  Amer.  Philos.  Soc,  Feb.  16,  1872.) 

The  discovery  of  the  remains  of  numerous  animals  of  this  genus,  con- 
firm the  propriety  of  its  separation  from  Bathmodon.  The  characters  are 
as  follows : 

Type  of  extremities  Proboscidian.  Femur  without  third  trochanter, 
toes  short,  stout.  Dentition  :  I.  1 ;  CO;  P.  M.  4 ;  M.  2.  The  premax- 
illary  is  at  the  posterior  margin  of  that  bone,  and  is  a  large  recurved 
trenchant  tusk.  There  is  a  long  edentulous  interval  between  it  and  the 
first  premolar,  which  is  smaller  than  the  others.  These  support  an  outer 
crescent  and  a  small  inner  tubercle.  In  the  anterior  premolars,  the  cres- 
cent is  nearly  straight,  in  the  posterior  more  curved.  With  use,  the  cres- 
cent and  tubercle  wear  together  and  form  a  short  lance-head  surface. 
The  crescent  is  angular,  and  occupies  the  whole  crown  in  the  molars,  and 
the  tubercle  is  small  and  not  symmetrically  placed.  The  teeth  on  the 
maxillary  bone  are  remarkably  small  for  the  size  of  the  animal.  Lower 
jaw  not  observed. 

The  cranium  presents  a  remarkable  appearance  on  account  of  the  pro- 
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longation  of  the  muzzle.  In  front  of  the  zygomatic  arches,  the  form  is 
compressed  and  roof-like  above.  Above  the  tusks  the  nasals  expand,  and 
are  produced  to  a  great  distance,  terminating  in  osseous  prominences. 
The  premaxillaries  are  also  much  produced  ;  their  anterior  part  is  slender 
and  toothless,  and  does  not  extend  so  far  as  the  nasals. 

The  orbit  is  not  inclosed  behind,  and  has  no  marked  superciliary  or 
other  margin.  Abovp  it,  on  each  side,  a  horn-core  is  given  oft',  the  pair 
diverging  from  approximated  bases.     Occiput  vertical. 

The  afi&nities  of  this  genus  are  not  close  to  any  known,  excepting  Bath- 
modon.  This  has  the  six  premaxillaries  of  usual  proportions,  at  least 
three  tiTie  molars,  and  the  posterior  premolars  with  three  crescents.  The 
general  relationships  are  proboscidian,  and  associated  in  some  measure 
with  Synoplotherium,  Auchippodus  and  Pseudotomus, 

Besides  the  L.  semieinetuSj  Cope,  originally  described,  the  researches 
under  Prof.  Hay  den's  Geological  Survey,  have  determined  the  existence 
of  two  or  three  other  species  of  much  larger  size. 

LoxoLOPHODOi^  CORNUTUS.     Cope. 

Eohasilus  cornutus.     Cope. 

Established  on  portions  of  several  skeletons,  including  one  with  femur, 
pelvis,  scapula,  vertebrae  and  cranium.  The  latter  measures  about  thirty- 
four  inches  in  length.  The  horn-cores  are  very  stout  and  sub-triangular 
in  section  at  base  and  with  a  rudimental  knob  on  the  inner  side  ;  height 
seven  inches  about.  A  massive  protuberance  of  a  recurved  lobate 
outline  rises  on  the  anterior  margins  of  the  nasal  bones  on  each 
side.  They  meet,  leaving  an  emargination  in  front,  giving  the  nasal 
bones  a  bi-lobed  outline.  The  iliac  bones  are  very  wide,  the  expanse  of 
both  together  being  fifty-four  inches.  The  centrum  of  a  sacral  vertebra 
is  four  inches  in  diameter. 

LoXOLOPHODpN  FtJRCATUS.     Cope. 

This  species  is  indicated  by  portions  of  the  nasal  bones.  These  have 
differed  in  form  materially  from  those  of  the  L,  cornutus.  The  convex 
protuberances  seen  in  L.  cornutus  were  here  represented  by  processes  of 
singular  form.  They  were  compressed,  narrowed  at  the  base,  and 
expanded  distally  into  a  flat  spatulate  body.  The  whole  process  measures 
seven  to  eight  inches  in  length,  and  three  and  a-half  in  width  distally. 
The  animal  could  not  have  been  materially  smaller  than  the  X.  camutun. 

LOXOLOPHODON   PRESSICORNIS.      Cope. 

Established  on  numerous  remains,  including  horn-cores  of  species  sim- 
ilar in  size  to  the  last.  Its  marked  peculiarity,  as  first  noticed,  consists 
in  the  compression  of  the  horn-cores  throughout  the  proximal  half  of 
their  length,  with  their  more  acuminate  form,  than  in  L,  cornutus.  They 
measure  also  about  seven  inches  in  length. 

The  aflSnities  of  these  remarkable  animals  will  be  shortly  discussed. 

They  were  the  gigantic  mammals  of  our  Eocene  period,  representing 
the  Elephants  and  Mastodons  of  the  Miocene,  which  they  equalled  in 
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The  Geoix)gical  Structure  op  Tazewell,  Russell  and  Wise 
Counties,  in  Virginia. 

By.  J.  P.  Lesley. 

(Read  beford  the  American  Philosophical  Society,  April  21«f,  1871.) 

I  was  called  upon  recently  to  examine  a  part  of  the  Alleghany  Moun- 
tain Range,  between  the  New  River  (Kanawha)  in  Middle  Virginia  and 
the  north  line  of  the  State  of  Tennessee,  for  the  purpose  of  determining 
the  nearest  possible  approach  to  a  workable  coal  region  of  a  contemplated 
Railway  from  Harper's  Ferry  on  the  Potomac  toKnoxville  in  Temiessee. 

The  geological  structure  of  this  part  of  the  United  States  is  so  peculiar 
and  so  nearly  unknown  to  geologists,  or  at  least  unnoticed  in  any  pub- 
lished memoirs,  that  I  have  taken  some  pains  to  portray  it,  believing  that 
it  will  be  an  acceptable  contribution  to  the  literature  of  the  science  and 
to  the  proceedings  of  this  Society.  The  present  paper  is,  however,  a 
virtual  continuation  of  my  description  of  the  South  Virginia  Coal  region 
of  Montgomery  and  Wythe  Counties,  read  before  this  Society  in  1862, 
and  published  in  Vol.  IX  of  its  Proceedings,  pages  30  to  38. 

Professor  William  B.  Rogers,  State  Geologist  of  Virginia,  ife  well 
acquainted,  no  doubt,  with  the  essential  facts  about  to  be  described,  and 
probably  has  materials  for  a  more  extensive  description  of  the  central 
belt  of  the  Appalachians  among  the  unpublished  archives  of  the  State 
Geological  Survey  of  Virginia  ;  but  I  doubt  that  any  sections  have  been 
constructed  which  express  more  clearly  the  state  of  things  in  a  geological 
sense,  than  those  which  I  have  this  opportunity  of  making  known. 

Professor  James  M.  Saflford,  State  Geologist  of  Tennessee,  has  studied 
the  Southern  continuation  of  the  belt,  and  describes  it  in  his  Geology  of 
Tennessee,  Nashville,  1869.  But  the  sections  given  in  that  valuable  work, 
which  has  cost  its  author  so  much  time,  skill  and  labor  to  prepare,  and 
for  which  American  Geologists  are  most  grateful,  are  only  adapted  for 
general  description,  not  being  drawn  to  a  natural  scale,  and  are  not  of 
use  for  the  critical  study  of  the  dynamic  problem  here  offered  to  the  con- 
sideration of  structural  geologists. 

The  map  which  accompanies  this  paper  was  made  to  show  the  railway 
avenues  through  the  region  above  named,  by  bringing  out  clearly  its 
main  topographical  features.  I  have  colored  it  to  show  to  the  eye  its 
main  geological  features,  especially  those  due  to  the  lines  of  Downthrow, 
which  are  also  the  lines  of  limit  for  the  Coal  Measures.  I  have  confined 
the  coloring  within  narrow  limits  so  as  not  to  obscure  the  prime  facts. 
No  distinction  is  made  therefore  between  the  Calciferous,  Trenton,  Birds- 
eye,  Black  River  and  Hudson  River  formations ,  all  of  them  being  colored 
A.  p.  8. — VOL.  xii. — 3j 
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hlue,  representing  the  Irmestone  valley  formations,  Lower  Silurian,  Nos. 
II  and  III  of  the  Pennsylvania  nomenclature. 

The  Oneida  Conglomerate,  Shawngunk  Grit,  and  Medina  Sandstone, 
Middle  Silurian,  No.  IV,  are  left  uncolored,  to  make  their  mountain 
character  more  conspicuous.  The  Upper  Silurian,  Clinton,  No.  V,  carrj- 
ing  the  Dyestone,  Fossil  Iron  Ore,  is  colored  red,  to  catch  the  eye,  because 
of  its  practical  importance  for  railway  purposes,  and  because  it  is  the  red 
formation  of  the  North,  par  excellence,  although  it  is  not  so  marked  in 
nature  along  its  southern  outcrops.  If  the  native  coloring  of  the  soil 
were  to  govern  the  tinting  of  the  map  the  Hudson  Eiver  slates  (No.  Ill) 
would  require  this  pigment. 

The  Devonians  are  represented  by  a  Vandyke  brown  wash  (Nos,  VIII. 
IX,  X),  and  the  Coal  Measures  by  a  wash  of  Payne's  gray.  No  color  is 
allowed  for  No.  XI.,  which  shows  so  prominently  on  the  geological  niai> 
of  Pennsylvania  in  red,  because  its  outcrop  is  feeble  here  and  not  espe- 
cially red. 

The  main  features  of  the  topography  are  quite  correct  (except  near  its 
eastern  end,  of  which  I  can  say  nothing) ;  and  it  distinctly  shows  how 
the  mountains  are  made,  by  the  downthrows,  to  run  in  pairs,  with  a  "  poor 
valley ' '  between  each  pair,  consisting  of  Devonian  Sandstones  and  Upper 
Silurian  shales  containing  the  Clinton,  Dyestone,  or  Fossil  Iron  Ore  ;  and 
how  the  pairs  are  separated  by  wider  Lower  Silurian  limestone  or  "  rich" 
valleys,  containing  the  villages  and  farms  of  blue  grass  and  scatteretl 
and  probably  extensive  deposits  of  Brown  Hematite  Iron  Ore,  which  I 
have  not  colored. 

The  black  lines  1,  2,  3,  4,  &c.,  show  where  the  vei-tical  geological  sec- 
tions in  this  report  are  to  be  looked  for  on  the  map. 

There  is  no  map  of  this  country  worthy  of  the  name.  I  have  copied 
the  State  map  and  then  changed  its  details  according  to  my  observations. 
The  geology  is  perfectly  simple,  when  one  has  the  key  to  it.  The  key  to 
it  is  given  by  the  pairing  off  of  the  mountains  along  the  Downthrows. 

I  begin  then  with  this  curious  and  all  important  phenomenon.  Fig.  1, 
shows  it  in  a  'purely  ideal  way  ;  but  reference  must  be  made  to  Section* 
1,  2,  3,  4,  &c.,  for  its  actual  representation  in  different  places. 

Fig  1. 
IDEAL  CROSS  SECTION,  showing  the  cracks  or  oowNrnirr»wvs. 


"What  the  power  was,  which  cracked  the  anticlinal  and  synclinal  curve*. 
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and  shoved  the  10,000  feet  of  Carboniferous,  Devonian,  and  Silurian  Form- 
ations over  each  other,  like  cakes  of  ice  in  a  river  freshet,  if  would  be 
premature  here  to  discuss. 

The  consequence  has  been,  that  along  the  straight  lines  of  these  cracks 
— ^lines  running  for  fifty  or  a  hundred  miles, — ^the  coals  at  the  top  of  the 
system  abut  against  the  limestones  near  its  bottom. 

Another  consequence  has  been  that  no  coal  is  to  be  found  but  on  the 
north  side  of  each  crack.  The  whole  mass  of  rocks  above  the  line  A — B 
has  been  removed  (it  is  needless  to  describe  the  process,  which  is  still 
going  on  and  can  be  st  udied  by  any  observer),  so  that  the  vast  coal  field 
which  once  covered  this  country  is  no  longer  in  existence  ;  and  the  only 
remnants  of  it  left  are  long  stripes,  a  few  hundred  yards  wide,  running 
along  the  north  lip  of  each  crack. 

A  third,  and  equally  important  consequence,  has  been,  that  even  this 
poor  remnant  of  the  Coal-Measures,  where  it  is  left,  consists  of  only  the 
very  lowest  bed  or  the  two  lowest  beds  of  the  Coal  Measures,  the  poorest 
of  all  the  coal  beds  of  the  system.  Fig.  2  will  show  how  this  result 
occurs : 

Pig.  2. 
SHOWrNG  THE  COAL  BEDS  LEFT  IN  THE  DOWNTHROW 


It  is  not  until,  going  north  30^  west,  several  such  downthrows  with 
their  comparatively  worthless  coal  fields  (so  to  call  them)  have  been 
passed,  that  the  real  coal  field  of  the  country  is  reached.  Its  southern 
edge  runs  along  a  straight  downthrow  lying  just  north  of  the  Clinch 
River. 

I  shaU  first  t£|ke  up  this  line  at  Guest's  River,  in  Wise  County, 
and  follow  it  northeastward,  ascending  Clinch  River ;  and  I  will  give  sec- 
tions of  its  Coal  Measures,  wherever  I  studied  them. 

Stone  Mountain,  which  is  the  south  border  of  the  Guest  River  Coal 
Fields,  in  Wise  County,  is  cut  throughby  Powell's  River  at  the  Big  Gap] 
Some  miles  further  east  its  summit  is  notched  by  a  wind-gap  (Little 
Gap),  through  which  the  turnpike  from  Wire  County  Court  House 
(Gladesville)  to  Scott  County  Court  House  (Estillville)  passes.  The 
lowest  coal  bed  is  opened  on  the  side  of  the  road  a  quarter  of  a  mile  before 
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reaching  the  gap ;  that  is,  high  up  the  southern  face  of  the  mountain.  The 
coal  bed  is*  4  feet  thick,  and  vertical.  The  core  of  the  mountain  is  a  ver- 
tical Conglomerate  Sandrock.  On  the  south  face  of  the  mountain  are 
cliffs  of  Lower  Silurian  limestone.  A  fault,  therefore,  runs  through  the 
mountain  lengthwise,  thus : 

No.l    SECTION    LINE  ON  THE  MAP. 


stone  Mtrv» 


This  section,  however,  I  did  not  myself  see  ;  but  the  information  from 
which  I  construct  it  was  given  to  me  so  clearly,  and  agrees  so  exactly 
with  what  I  saw  myself  fui-ther  east,  that  I  have  no  hesitation  in  assign- 
ing it  a  place  in  this  report,  without  endorsing  it  more  specially. 

On  the  west  side  of  Guest  River,  two  miles  below  the  mouth  of  Tom's 
Creek,  a  two-foot  coal  bed  is  mined ;  it  lies  nearly  flat,  under  cliffs  of  hori- 
zontal conglomerate  rock.  Below  this  place,  the  river  enters  the  canon, 
through  which  it  rushes  for  two  miles  before  entering  the  Clinch  River. 
Vertical  walls  of  conglomerate,  hundreds  of  feet  high,  stand  opposit  3 
each  other.  This  is  the  natural  gate  for  a  railway  line  to  the  Wise 
County  and  Kentucky  Coal  Field. 


SECTION    2    ON   THE    MAP. 


Bult 


Coal  beds  are  opened  up  and  down  Tom's  Creek  and  its  branches. 
One  coal  bed,  from  5  to  6  feet  thick, 'runs  through  the  bases  of  all  the 
hills,  nearly  at  water  level,  and  almost  horizontal.  It  is  mined  for  family 
use  in  the  gulches  back  of  Guest's  Station  (an  old  log  fort,  now  a  store 
and,  although  half  a  mile  from  the  mouth  of  Tom's  Creek,  overflowed 
whenever  Guest  River  is  in  high  freshet),  and  by  Mr.  Jessee,  and  for 
several  miles  still  higher  up  Tom's  Creek.  It  is  mined  up  Little  Tom's 
Creek,  and  on  Crab  Orchard  Creek,  as  a  fine  six  (6)  foot  bed  of  rather 
handsome  flaming  coal,  solid  enough  to  wagon  over  rough  roads,  and 
not  making  much  ashes  or  clinker  in  the  grate.    It  is  at  least  equal  to 
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the  general  run  of  the  Lower  Coal  Measure  coals  iu  the  Bituminous 
Goal  Basins  of  the  Susquehanna  West  Branch  and  the  Oonemaugh.  I 
saw  no  other  beds  here ;  but  there  must  be  others  both  below  it  and 
above  it ;  for  the  beforementioned  two-foot  bed  ought  to  be  above  it,  as 
the  above  section  (2)  shows. 

I  made  a  measured  section  of  one  of  these  hills,  called  Robert's  Butt 
(over  700  feet  high,  and  capped  with  a  fragment  of  the  great  conglom- 
erate sandrock  which  once  covered  all  the  country),  as  a  specimen  of  the 
barriers  which  separate  all  these  streams  from  one  another,  in  the  coal 
field,  and  to  show  how  impracticable  any  railroad  line  must  be  which 
does  not  follow  closely  the  great  water-courses. 

The  following  section  up  the  side  of  Robert's  Butt,  half  a  mile  north 
of  Guest's  Station,  was  made  with  an  aneroid  barometer.  It  shows  the 
Sheep  Rock  Conglomerate  Sandstone  to  be  about  700  feet  above  the 
(Newberry,  Robinet,  Grier,  Jessee,  &c,)  Six-Foot  Coal  Bed  : 


SHEEP  ftOCK    DM  BOSERTS  BUTT,  WISE  C0.V9 


At  one  place  where  the  bed  has  been  dug  a  little  into,  it  yields  the  best 
kind  of  bituminous  coal,  fat  and  caking,  but  friable,  with  no  appearance 
of  sulphur,  and  making  no  clinker.  It  is  good  blacksmith-coal,  and  no 
doubt  will  make  good  coke.  A  piece  of  ill-made  coke  from  what  is,  per- 
haps, the  same  bed,  near  Gladesville,  shows  that  the  best  coke  can  be  got 
from  it. 

On  Russe's  Greek  this  coal  bed  is  also  at  water  level  and  has  been 
mined  by  Robert  P.  Dickenson  in  the  bed  of  the  creek,  near  his  house, 
and  in  a  run  a  quarter  of  a  mile  further  east,  where  a  horizontal  gang- 
way has  been  commenced.  About  5  feet  of  the  coal  is  visible ;  the  bottom 
is  not  reached,  being  in  water.  Roof:  a  shaley  clay,  without  distinct 
plant  impressions.  Upper  part  of  the  bed  bituminous,  and  somewhat 
bony.  From  the  first  12  inches  downwards,  solid,  and  somewhat  like  can- 
nel.  Coal  in  some  paits  slightly  granular,  reminding  one  of  the  sand- 
coal  of  Montgomery  County.  Bottom  coal*  very  good  for  blacksmithing ; 
makes  a  hollow  fire  ;  but  cakes  little  and  goes  out  before  morning ;  not 
much  ashes  ;  ashes  white  ;  makes  a  yellow  blaze ;  no  sulphuret  of  iron 
visible ;    no  foisil  leaves.      Streaks  of  coal  through  the  bed  showing 
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numerous  minute  discs  of  sulphuret  of  iron  in  the  fissures ;  so  that  an 
4uaalysis  of  the  bed  as  a  whole  will  give  a  notable  percentage  of  sul- 


COAL  BEDS  ON  RUSSELLS 
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phur ;  and  it  wiU  be  extremely  difficult  to  pick  the  coal,  if  mined  exten- 
sively, so  as  to  furnish  it  free  of  sulphur.  It  is,  however,  on  the  whole,  a 
satisfactory  bed ;  and  its  harder  benches  will  bear  carriage  well. 
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The  bed  dips  at  least  5^  southward  at  this  precise  place  ;  but  not  so 
much  over  a  larger  area.  Over  it  are  thin  slabs  of  shaley  sandstone,  with 
large  calamites  and  stigmaria  stem  impressions ;  and  over  these  again  a 
small  coal  bed ;  which  cannot  lie  more  than  20  feet,  if  that,  above  the 
other  bed. 
I  made  a  careful  survey  of  the  hill  to  the  south  of  this  place,  the  sum- 
mit of  which  is  made  by  south-dipping  con- 
glomerate sandrocks  (Sheep  Hock  of  the  last 
section) ;  and  found  two  coal  beds  outcrop- 
ping on  its  noi*th  face,  and  two  more  on  its 
south  face,  descending  Whetstone  Run  to 
Clinch  River.  This  run  has  a  conglomerate 
ten-ace  on  its  left  bank,  and  is  rendered  y&cj 
rocky  by  the  descent  of  fragments  of  rock. 

Section  No.  8  on  the  map  is  the  most  instruct- 
ive I  could  obtain  in  this  district  of  the  region, 
and  requires  no  explanation.  It  shows  that 
the  distance  from  the  Six-Foot  Bed  up  to  the 
Sheep  Rock  Conglomerate  is  everywhere  about 
700  feet,  and  contains  at  least  two  coal  beds ; 
and  that  thera  is  one  more  coal  bed  above  the 
conglomerate.  I  had  no  means  of  determin- 
ing the  size  or  quality  of  any  one  of  these  three 
beds ;  but  they  are  all,  probably,  under  3  feet 
The  above  sketch-map  and  this  accompanying 
cross-section  (No.  3)  were  measured  on  the 
ground  and  drawn  to  scale.  They  enable  me 
to  speak  of  only  one  coal  bed  above  the  Sheep 
Rock  Conglomerate,  with  two  outcrops  on  this 
road,  looking  like  two  coal  beds.  Further 
east,  as  will  be  seen,  this  bed  (?)  has  several 
others  over  it. 

The  section  renders  it  doubtful  whether  the 
coal  dug  at  lowest  water  in  the  bed  of  the 
Clinch  at  the  mouth  of  the  Whetstone  be  the 
six-foot  bed.  It  looks  more  like  the  second 
bed  above  it.  But  the  southeast  end  of  the 
section  is  a  little  obscure,  and  I  had  no  time 
to  study  the  exact  character  of  the  Down- 
throw of  the  Coal  Measures  against  the  lime- 
stones* at  this  point.  It  runs  through  an  i80> 
lated  hill,  quite  surrounded  by  a  bend  of  the 
river,  as  shown  in  the  sketch-map  on  the  next 
page. 


*  Query.— Do  these  belong  to  an  ontcrop  of  the  sttbcarboa- 
iferous  limestone  isisninff  from  the  fault  1 
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The  map  below  will  give  a  better  idea  than  any  verbal  description  of  the" 
difficult  nature  of  the  ground  for  railroading  purposes  down  Clinch  Val- 
ley. The  hills  are  from  300  to  300  feet  high  and  present  bold  and  massive 
cliffs  of  Lower  Silurian  limestone  to  the  river. 

It  will  also  illustrate  the  general  law  that  the  principal  rivers  and  large 
streams  of  this  region  of  Virginia  run  in  the  lower  members  of  the  Lower 
Silurian  limestone  system,  as  they  habitually  do  elsewhere,  near  the  edge 
of  the  Freestone  Carboniferous  land.  The  cause  of  this  is  evident.  The 
surface  of  the  country  as  it  is  at  present  has  been  produced  by  the 
removal  of  all  the  geological  formations  above  that  which  now  forms  the 
surface.     When  the  Downthrows  were  first  formed  the  drainage  of  the  * 

SKETCH    MAP  OF  CLINCH  RIVERi 
w/ure  U^  strikes  th^  CoitL  Mbosui^s  €ind.  rei^und^ 
aiZiA^JRjuiv, 


country  was  down  the  face  of  the  Coal  Measures  to  the  crack  and  thein 
along  the  crack  sideways.  This  produced  a  very  slow  erosion  of  the 
Coal  Measures,  because  of  their  numerous  massive  bed  of  sandstone. 
But  the  drainage  along  the  cracks  produced  great  erosion  into  the  face  of 
the  sandy  and  magnesian  limestone  exposed  by  it.  The  drainage  from 
above  also  produced  caverns  in  the  limestone.  Out  of  these  caverns, 
issued  streams  which  swelled  the  rivers  which  ran  along  the  cracks.  Thd 
formations  over  the  limestone  were  worn  rapidly  away.  The  face  of  the 
limestone  wall  of  the  crack  was  worn  back.  And  so,  by  the  time  the 
present  surface  level  was  reached,  the  rivers,  which  originally  flowed  on 
the  Coal  Measure  side  of  the  cracks,  had  got  their  valley-beds  fairly 
established  on  the  limestone  side  of  the  cracks ;  and,  sometimes,  at  a- 
considerable  distance  on  that  side.  ^ 

As  the  lower  limestones  are  massive  and  very  soluble  all  the  streams, 
of  the  region  which  flow  through  them  have  extremely  rough  and  tortu> 
A.  p.   B.— VOL.  XII. — 3k 
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OU8  valleys,  walled  in  at  intervals  with  cliifs.  The  smaller  streams  head 
up  in  smooth  valleys  (of  the  upper  limestones  and  slates  of  the  Lower 
Silurian  system)  admirably  fitted  for  railroad  locations.  But  near  their 
mouths,  where  they  cut  rapidly  down  through  the  lower  limestones  to 
flow  into  the  cross  streams,  their  beds  are  full  of  jagged  rocks  and  their 
valleys  difficult  for  cheap  i*ailroading. 

It  is  among  these  lower  limestones  that  the  beds  of  brown  hematic  iron 
ore  lie.  For  instance,  the  cliff  at  the  river  bank,  just  where  the  road 
from  the  west  along  the  north  bank  comes  to  the  ford  at  the  mouth  of 
Lick  Run,  is  a  mass  of  sandy  limestone,  near  the  bottom  of  the  Lower 
Silurian  system.  Further  up  the  north  bank  of  the  river,  east  of  Lick 
Run,  Is  a  long  limestone  hill  on  which  many  pieces  of  the  ore  are  scat- 
tered, some  of  them  very  large.  There  is  a  good  chance  here  for  the  ex- 
istence of  a  valuable  iron-ore  deposit  on  a  large  scale.     The  ore  is  good. 

THE   COAL  FURTHER  EAST. 

I  made  no  detailed  examination  above  Lick  Run  for  a  good  many 
miles ;  and  I  have  mentioned  in  a  Summary  Report  the  streams  crossed 
by  the  coal  beds  in  this  interval.  I  will  only  add  here,  that  some  of  these 
beds  were  reported  to  me  as  ten  (10)  feet  thick.  The  six-foot  bed  may 
become  thicker  at  points  which  I  did  not  visit  than  it  is  where  I  saw  it. 

The  "Mouth  of  Indian"  is  a  thriving  little  village  on  the  north  bank 
of  the  Clinch  where  it  enters  Russell  County.  I  surveyed  this  neighbor- 
hood carefully,  because  the  coal  beds  here  have  been  opened  more  exten- 
sively than  elsewhere ;  because  they  stand  at  a  higher  angle  and  give  a 
series  ;  and  because  the  downthrow  is  exhibited  in  a  most  curious  and 
instructive  manner.  The  river  breaks  through  limestone  just  above  In- 
dian Creek  mouth,  forming  bluffs  called  the  Cedar  Bluffs.  A  dam  was 
built  here  forty  years  ago  out  of  red  cedar  logs  which  has  never  needed 
repairs.  It  is  fifteen  feet  high  and  backs  the  water  two  miles.  Middle 
Creek  descends  from  the  noi-th  and  enters  just  below  Indian  Creek. 

Up  Middle  Creek  are  the  coal  mines.     See  the  following  map  : 


Two  miles  further  down  the  river,  Big  Creek  runs  across  the  upper  end 
of  the  widff  and  fertile  bottom  called  the  "Rich  Lands,"  at  the  farm  of 
Mr.  Gillespie. 

Two  miles  further  west,  a  salt  well,  354  feet  deep,  was  sunk  at  the 
north  edge  of  the  river  bottom,  on  Mr.  Kendrick's  land,  twenty-two  (22) 
jears  ago,  and,  at  337  feet,  went  through  6.7  (six  feet  seven  inches)  of 
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coal.  Six  feet  at  the  top  of  the  well  was  mud.  All  the  rest  was  "sand- 
rock,"  without  coal. 

Petroleum. — There  was  enough  oil  to  grease  the  rods.  The  well  was 
plugged  up.  Recently  the  plug  was  knocked  out,  when  fresh  water  spouted 
from  the  SJ^inch  hole  to  a  height  of  three  feet,  but  soon  subsided.  A  film 
•of  oil  stands  on  the  water,  which  is  very  cold  and  too  brackish  to  taste  per- 
fectly good,  although  cattle  go  to  it  in  preference  to  drinking  other  water. 

Salt. — The  spot  selected  for  the  well  had  been  a  famous  deer  and  buf- 
falo lick.  The  ground  had  been  eaten  away  by  the  animals.  Thirty  or 
forty  deer  used  to  be  seen  at  one  time  at  this  lick  ;  and  spoonfuls  of  salt 
•could  be  collected.  It  must  be  borne  in  mind  that  the  salt  wells  of  East- 
ern Kentucky  get  their  water  from  the  conglomerate  at  the  base  of  the 
Coal  Measures.  There  must,  therefore,  be  a  saltwater-bearing  formation 
several  hundred  feet  below  the  coal  bed  at  the  bottom  of  this  well ;  sup- 
posing, 1,  that  it  is  the  Six-foot  Bed  of  Wise  County ;  and  supposing,  2, 
that  the  Sheep  Rock  Conglomerate  Sandstone  is  not  the  true  Conglom- 
erate Base  of  the  Coal  Measures.  But  even  if  the  latter  supposition  be 
wrong,  and  the  Six-foot  Bed  be  one  of  the  Sub- Conglomerate  Coal  Beds 
of  Eastern  Kentucky,  which  is  quite  a  possible  thing,  there  remains  a 
still  lower  **Knobstone,"  or  Devonian  Saltwater-bearing  Formation, 
from  which  the  salt  water  must  find  its  way  to  the  surface  through  the 
<Jreat  Downthrow  and  cross-fissures  connected  with  it.  This  Devonian 
Saltwater-bearing  Formation  is  that  which  supplies  our  deep  salt  wells  in 
Western  Pennsylvania,  and  is  also  the  same  as  the  Petroleum-bearing 
Formation  of  Venango  County. 

THE  COALS  AT  MOUTH  of  INDIAN. 

C  Section  No.  6  o£  iKe  M»p/J 


The  Six-foot  Coal  Bed,  here,  has  been  opened  and  mined  for  the  use 
of  the  neighborhood  by  Mr.  Scott,  at  {a)  about  1 J  miles  up  the  creek  from 
its  mouth ;  and  again  at  {b)  a  quarter  of  a  mile  further  up,  on  the  same 
*outh  dip.  At  both  (a  and  h)  it  shows  a  disturbance  represented  in 
•diagram  on  the  next  pages. 

The  bed  is  here,  really,  but  3^  to  3  feet  thick.  It  is  covered  with  a 
plate  of  sandstone  which  is  several  feet  thick ;  and,  although  the  pres- 
sure produced  by  the  Great  Downthrow,  which  runs  along  at  a  distance 
of  about  half  a  mile  due  south  of  the  locality  of  the  mine,  has  folded  the 
-coal  bed  with  the  sandrock  back  upon  itself,  yet  the  sandstone  of  the 
rock,  thus  caught  in  between  the  walls  of  the  fold  of  the  coal,  is  perfectly 
solid  and  does  not  show  the  slightest  trace  of  disturbance.  This  is  a 
striking,  but  well-known  phenomenon.  The  coal  itself  is  bent  round, 
.and  shows  sharp  i;ongues,  in  the  fold. 
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At  (b)  the  same  saiidrock  is  equally  folded  and  unbroken,  as  the  follow- 
ing diagram  (looking  in  the  opposite  direction,  i,  e.  east)  will  explain. 

Here,  also,  the  bed,  which  when  doubled  measures  5  or  6  feet  thick, 
is  really  but  a  three-foot  bed.  There  is  nothing,  in  fact,  to  identify  it 
with  the  "Six-foot"  coal  of  Wise  County.  But  it  may  very  well  be  thft 
6.7  coal  of  the  Salt  Well,  three  miles  distant. 


SCOTTS  MINE 
at(b) 
on  Mtcfeffe  Cr. 
Jtussell  Co. 


It  is  oi>ened  again  at  (c)  some  hundred  yards  higher  up  the  creek,  and 
on  a  north  dip  of  50o.  The  Confederate  army  mined  it  pretty  exteo- 
sively.  It  is  here  three  feet  thick,  in  three  benches  each  a  foot  thick. 
The  top  and  bottom  benches  good,  the  middle  bench  bony.  Over  it  are 
three  or  four  feet  of  slates,  and  then  comes  a  one-foot  bed  of  bony  coaL 
The  report  goes  that  the  miners  found  these  two  coal  beds  close  together^ 
down  below  ;  making  thus  one  very  fair  four-foot  coal  bed.  A  diagram 
on  the  next  page  shows  the  whole  exposui*e  in  position. 

All  this  is  not  very  encouraging  for  the  coal  trade.  But  the  same  bed 
has  been  opened  at  {d),  directly  on  the  crest  of  the  anticlinal,  which  has 
here  sunk  (running  in  an  easterly  direction)  to  the  level  of  the  creek.  Here 
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the  coal  lies  fiat  in  the  water ;  and  several  pits,  sunk  through  it,  are 
■deeper  than  the  height  of  a  man.  The  bed  must  be  nearly,  or  quite,  six 
feet,  and  yields  good  coal  (as  indeed  it  does  at  the  other  openings);  but 
what  its  constitution  may  b^  I  do  not  know.  It  is  probably  subdivided 
into  benches  of  different  qualities  ;  and,  no  doubt,  has  some  of  the  slate 
of  the  above  last  section  running  through  it.  Its  position  on  the  anticli- 
nal will  make  mining  difficult. 


The  anticlinal  disturbance  at  Scott's  Mines  on  Middle  Creek  must  be 
local ;  because  the  topography  around  the  Salt  Well  shows  that  the  Coal 
Measures  there  come  up  to  the  Downthrow  in  a  flat  and  undistiu'bed  con- 
dition ;  and  the  dying  down  of  the  crown  of  the  anticlinal  in  the  Six-foot 
bed  so  rapidly  that  the  bed  lies  flat  in  the  creek  only  a  few  hundred 
yards  above  where  it  plunges  at  angles  of  40^,  o(P  and  GO*^  proves  the 
same  thing. 


APPEARANCE  OF  COAL  BED 

Stalls'  Mi^tf,  Nx^,stU  ih^,  /f rywi/rt 


Nevertheless,  the  very  steep  dips  of  the  overlying  coal  beds  and  rocks! 
throughout  the  body  of  Stony  Ridge  makes  the  whole  disturbance  of  con-i 
siderable  magnitude  ;  and  I  have  no  doubt  that  when  it  is  well  examined 
to  the  eastward,  it  will  be  found  to  run  in  that  direction  some  miles  ;  not, 
perhaps,  as  an  anticlinal  but  as  a  downthrow ;  and  it  may  very  well  be 
the  Abb's  Valley  Downthrow,  of  which  more  hereafter. 
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LAUIIEL  RUN   COALS. 

Leaving  the  curious  topography  of  the  Big  Creek,  Middle  Creek,  and 
Mouth  of  Indian  Downthrow  to  be  described  hereafter,  in  connection 
with  Paint  Lick  Mountain  and  its  Iron  Ore,  and  going  east  up  Indian 
Creek  Valley,  I  can  only  report  coal  mines  on  Laurel  Hun,  a  side  branch 
coming  into  Indian  from  the  northwest.  Mr.  Christian  has  here  opened 
several  beds,  one  of  which  is  reported  to  be  much  over  six  feet  thick. 
The  coal  is  wagoned  to  the  county-town  of  Tazewell,  Jeffersonville,  fifteen 
or  seventeen  (15  or  17)  miles  distant.  The  following  sketch  will  show 
how  the  coal  comes  out  to  market — two  miles  to  James  Smith's,  on  the 
Baptist  Valley  Road  (beautifully  engineered,  at  low  grades),  formerly  a 
turnpike,  and  still  the  highway  between  East  Kentucky  and  Middle  Vir- 
ginia ;  two  miles  to  the  Clinch  Valley  Road  ;  thirteen  miles  by  either  of 
these  two  roads  to  Jeffersonville  : 


What  the  chai-acter  of  the  Christian  Coal  is  I  do  not  know  by  personal  in> 
spection  ;  but  it  must  come  from  the  same  beds,  and  be  essentially  similar 
to  the  Scott  Coals,  and  also  to  the  Abb's  Valley  Coal  next  to  be  described. 

Just  east  of  the  Christian  Mines  runs  a  limestone  valley,  along  the 
south  side  of  the  Downthrow,  in  which  the  waters  sink  into  caverns.  It 
is  called  **  Sinking  Waters."  Any  one  familiar  with  Abb's  Valley  (15 
miles  further  east)  will  see  at  once,  that  the  formation  is  the  same  ;  but 
I  will  show  that  Stony  Ridge  separates  the  two  valleys  and  that  the 
coal  areas  which  I  have  been  following  all  the  way  from  Wise  County  are 
cut  off,  or  whittled  down  to  a  fine  point,  opposite  Jeffersonville.  The  next 
cross-section.  No.  8,  will  show  how  this  is  done,  and  also  how  the  Abb'ft 
Valley  coal  beds  are  brought  down  to  the  present  surface  by  quite  a  dif- 
ferent Downthrow  from  the  one  we  have  been  tracing  thus  far,  all  the 
way  from  Guest's  River  in  Wise  County ;  a  Downthrow  behind  and  to 
the  north  of  this  one  ;  as  the  map  in  colors  will  also  help  to  show. 

The  Clinch  Valley  Downthrow,  going  east  from  Indian  Creek,  catches 
in  its  jaws  a  less  and  less  number  of  beds  and  width  of  coal  ground,  until 
at  last,  on  crossing  the  great  road  from  Jeffersonville  north  to  Tug  Fork 
of  Sandy,  it  holds  but  the  lowest  coal  bed,  standing  at  a  high  angle  and 
very  little  of  it  left. 

This  is  seen  on  the  Section  No.  8,  marked  Captain  Frank  Peery's  Coal. 
How  far  east  along  this  crack  this  coal  can  be  traced.  I  do  not  know ; 
but  nothing  of  value  can  be  expected  from  it ;  which  is  a  great  pity ;  for 
at  this  point  easy  access  to  the  back  country  ends. 
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To  get  over  iuto  the  Abb's  Valley  Coal  Fields,  two  mountains  must  be 
crossed,  or,  rather  steep  stony  hills,  consisting  of  all  the  formations  from 
the  coal  down  to  the  limestone ;  especially  Sandrocks  X  (Catskill)  and 
IV  (Shwangunk)  here  much  diminished  in  thickness  ;  which  accounts  f or- 
the  comparative  lowness  of  these  mountains  when  compared  with  the 
high  mountains  formed  by  the  increased  outcrops  of  these  formations  .in 
the  Northern  States. 

The  deep  rapid  rocky  bed  of  Mud  Fork  of  Bluestone  lies  between  the^ 
two  mountains  and  descends  eastward.  Where  the  turnpike  crosses  it 
it  is  400  feet  below  the  notch  in  the  crest  of  the  first  mountain,  X  (say 
550  feet  below  the  crest  itself) ;  and  250  feet  below  a  slight  notch  in  the 
crest  of  the  second  mountain,  IV.  This  crossing  of  Mud  Fork  is,  by 
barometer,  on  a  level  with  the  Jeifersouville  Court  House,  and  about  100 
feet  higher  than  the  Clinch  two  miles  east  of  Jeffersonville,  at  the  west 
end  of  Wolf  Creek  Valley. 

f  ChosA*  Section  No  8,  ft/i  tJt^  Map  J 

SHOWING    THE    ABB'S    VALLEY    DOWNTHROW. 
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The  turnpike  summit  crossing  the  first  mountain  (X)  is  300  feet  above^ 
Captain  Frank  Peery's,  on  the  head-waters  of  Clinch  (6J  miles  north  of 
JeflfersonviUe).  Clinch  and  Bluestone  mn  in  opposite  directions  along 
Wright's  Valley ;  Clinch  westward,  Bluestone  eastward.  The  divide 
between  them  is  about  \\  miles  east  of  the  turnpike,  at  Frank  Peery's, 
and  say  100  feet  higher  in  level.  This  route  from  Greenbrier  to  Tazewell 
i3  feasible,  but  it  is  needless  to  try  to  get  coal  out  that  way. 


IV.    STONY  fit  DOE 


STONY  RIDGE . 


Mud  Fork  of  Bluestone  heads  up  rapidly  westward  of  the  turnpike, 
ami  yet  the  valley  between  X  and  IV  must  continue  on  between  the  two- 
Stony  Ridges  from  the  very  necessities  of  the  case. 
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Abb's  Valley  is  produced  by  a  great  upthrow  of  the  Lower  Silurian 
limestone  against  the  Coal  Measures.  The  turnpike  enters  it  almost  at 
its  head,  or  western  end.  From  the  notch  in  lY  through  which  the  road 
passes,  to  the  Dry-water  course  in  the  centre  of  the  valley  is  a  descent 
(by  barometer)  of  only  110  feet.  Westward  the  valley  rapidly  fills  up, 
-an4  that  is  the  course  to  take  in  locating  a  railroad  from  the  mines  out  to 
JeffersonviUe.  A  feasible  route  may  be  obtained,  I  think,  by  keeping  up 
Abb*s  Valley  to  and  over  its  divide,  and  down  Cavitt's  Run  to  the  Clinch, 
two  miles  west  of  Jeflfersonville. 

The  cause  of  the  heading  up  of  Abb's  Valley  and  Mud  Fork  Valley  so 
suddenly  westward,  and  against  what  seems  to  .be  the  main  body  of  the 
Tug  Fork  of  Sandy  Coal  Measures,  is  a  most  interesting  and  important 
^kffair,  which  should  be  investigated.  I  can  only  conjecture  it.  I  take  it 
to  be  likely  that  the  Abb's  Valley  Upthrow  of  limestone  starts  across  the 
Measures  southwestwardly,  becoming  less  and  less  of  an  upthrow,  and 
thus  swallowing  down  from  the  surfac3  first,  the  Lower  Silurian  lime- 
stones of  Abb's  Valley,  and  then  the  shales  and  sandstones  of  the  two 
etony  ridges  IV  and  X ;  and  that  it  finally  merges  in  the  Clinch  River 
Upthrow.  At  all  events,  such  a  geology  would  result  in  a  topography  of 
this  sort :  The  limestone  and  shale  valleys  would  head  up  suddenly  against 
;a  ridge  composed  of  Coal  Measures  Conglomerate  or  Sandrocks, 

My  advice  is,  that  no  coal-freight  railroad  line  be  sought  for  in  the 
direction  taken  by  the  Jefferson  and  Tug  Sandy  Turnpike.  But,  on  the 
•contrary,  that  a  line  be  sought  further  west,  more  down  the  Clinch,  viz.  : 
up  Cavitt's  Creek.  Let  the  coal  beds  there  be  carefully  explored,  and  a 
line  be  foimd  across  the  divides  beyond  the  west  line  of  Abb's  Valley, 
abb's  valley  coal. 

Fifty  feet  below  the  summit  of  the  hill,  shown  in  tlie  **  Local  Map" 
on  the  next  page,  and  nearly  150  feet  above  the  coal  bed  at  its  base,  is 
■A  layer  of  very  coarse,  gray,  friable  sandstone,  weathering  yellow,  with- 
out pebbles.     Over  it  a  tree  has  turned  up  a  coal  crop. 

The  coal  bed  below  is,  perhaps,  the  only  workable  bed  of  this  district. 
For,  after  descending,  at  a  slope  of  one  or  two  (20)  degrees,  south  20^ 
•east,  through  the  base  of  the  hill,  and  getting  under  water  level,  it  seems 
to  turn  up  suddenly  and  quite  vertically,  and  to  outcrop  along  the  bottom 
of  a  little  valley.  It  has  been  mined  a  little  close  to  the  turnpike  {b} 
and  Mr.  Smith  reports  it  to  be  "  as  wide  as  a  room." 

Ten  miles  east  of  this,  and  in  a  similar  position,  a  coal  bed  is  mined, 
which  I  judge  to  be  the  same  one,  and  it  is  called  ten  (10)  feet  thick. 

In  the  openings  at  the  foot  of  the  hill  (at  a)  it  has  been  merely  thrown 
out  from  the  water  of  the  little 
brook.    Mr.  Cochrane,  who  has  ^^^/ 


Coal 


dug  coal  all  through  this  re 

gion,  gives  its  thickness  as  (5) 

five  feet  of  coal  in  5|  of  space. 

A  dirt  bed,  four  inches  thick, 

separates  the    lower  bench  of 

very  fine  coal  from  the  upper  and  main  body  of  the  bed, 
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This  coal  bed  is  dug  into  by  the  fanners,  at  several  places  on  the  hill- 
sides of  Laurel  Fork,  from  half  a  mile  to  several  miles  north  of  Smith's 
coal.  It  is  called  six  feet  thick.  Cochrane  says  he  has  dug  it  on  Laurel 
where  it  was  good  seven  feet. 

LOCAL  MAP  OF  ABB'S   VALLEY   COAL. 

(FtoptrlyBliLeStofve  CmU  .) 


CROSS  SECTION  OF  COAL  IN  HfLL. 


COAL  BED  (mM9d) 


The  level  of  the  coal  opening  is  (by  barometer)  115  (one  hundred  and 
fifteen)  feet  above  Smith's  house  ;  which  house  is  125  feet  below  the 
summit  of  turnpike  crossing,  Stony  Ridge  (No.  IV).  [See  p.  504.]  The 
coal  and  the  turnpike  summit  are,  therefore,  nearly  on  a  level. 

From  these  coal  outcroppings  just  back  of  Abb's  Valley  the  coal  field 
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of  West  Virginia  and  Eastern  Kentucky  extends,  without  a  break,  to  the 
Ohio  River.  And  the  south  edge  of  this  coal  field  is  the  north  ridge  of 
Abb's  Valley.  The  coal  beds  can  be  opened  anywhere  in  the  hills,  just 
north  of  Abb's  Valley  ;  and  several  low  windgaps,  similar  to  that  at  Mr. 
Smith's,  give  the  people  of  the  valley  access  to  the  coal  field.  But,  as  I 
have  said  before,  the  railway  line  which  passes  through  Tazewell  must 
approach  the  coal  field  from  the  west — ^not  from  the  south  ;  around  the 
head  of  Abb's  Valley,  from  Cavitt's  Creek.  This  will  also  subserve  the 
interests  of  any  railway  projected  from  the  Ohio  River  up  Tug  Fork  of 
Sandy  to  Jeffersonville. 

(N.  B. — I  do  not  feel  entire  confidence  in  my  geology  of  the  sandstone 
ridges  at  Smith's, — ^the  ridges  which  form  the  north  boundary  of  Abb's 
Valley.     Tliey  need  much  more  careful  study  than  I  could  give  them.) 

THE   IRON  ORES  OP   II   AND  V. 

The  valleys  of  Tazewell  and  Russell,  in  Virginia,  being  geological,  as 
well  as  geographical,  prolongations  of  the  interior  limestone  valleys  of 
Pennsylvania,  such  as  the  Nittany,  Morrison's  Cove,  and  Kishicoquilis, 
contain  necessarily  the  same  kinds  of  ore,  in  the  same  formations,  and  in  the 
same  conditions.  I  mean  that  the  unbroken  ground  is  at  present  covered 
with  patches  of  brown  hematite  "blossom,"  just  as  the  ground  used  to 
be  where  our  charcoal  furnaces  stand  ;  and  that  the  color  of  the  road  and 
field  soil  is  the  same  as  that  of  our  best  iron  ore  banks ;  the  limestone 
rocks  project  in  the  same  style,  have  the  same  internal  composition,  and 
exhibit  the  same  corroded  and  dissolved  surfaces  ;  and  potholes,  caverns, 
and  sinks  abound  along  certain  lines  of  outcrop.  All  these  things  are 
now  known  to  bear  an  intimate  relationship  with  both  the  original  setting 
free  of  the  mineral  iron  from  the  limerocks,  and  its  subsequent  deposit 
and  consolidation.  And  it  seems  to  be  becoming  clear  to  our  geologists, 
that  while  there  are  regularly  stratified  beds  and  belts  of  the  ore  at  two 
or  three  distinct  horizons  in  the  Lower  Silurian  Limestone  Formation, 
which  may  be  traced  for  many  miles  along  the  strike  of  the  rocks,  there 
.  are  also  vast  accumulations  of  this  brown  hematite  ore  along  anticlinal 
axes,  especially  wherever  these  are  fractured  ;  or  degenerate  into  pure  up- 
throw faults.  It  stands  to  reason  that  such  a  line  of  fracture,  with  a  high 
wall  on  one  side  of  it,  should,  in  the  course  of  thousands  of  ages,  have 
collected  vast  quantities  of  the  peroxidized  iron  which  was  being,  through 
all  these  ages,  set  free  in  the  slow  dissolution  of  the  limestones  and  the 
reduction  of  the  whole  mass  of  upheaved  country  to  its  present  level.  To 
say  nothing  of  the  facility  afforded  by  such  fissures  to  the  decomposing 
and  recomposing  agency  of  drainage  waters. 

It  is  along  the  great  upthrow  fissures,  then,  that  we  are  first  to  seek  the 
iron  ore  deposits  of  this  section  of  Virginia.  And  such  a  spot  was 
pointed  out  to  me  near  the  mouth  of  Lick  Run,  on  the  hills  bordering  the 
north  bank  of  the  Clinch  River,  in  Russell  County,  at  section  line  No.  4 
upon  the  map.  Large  masses  of  "blossom"  lie  scattered  about  the 
fields. 

Similar  shows  of  ore  occur  in  other  places.     The  hills  southeast  of  Jef- 
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fersonville,  just  outside  the  town,  show  the  existence  of  ore  beneath  the 
surface.  Great  quantities  are  reported  two  miles  east  of  the  town ;  and 
still  more  abundant  exhibitions  ih  the  cove  of  Wolf  Creek,  behind  Buck- 
horn  Ridge,  north  of  the  forks  of  Wolf  Creek,  and  opposite  Rocky  Gap. 
Immense  shows  are  reported  in  Wolf  Creek  Valley,  inside  of  (or  south 
of)  Rocky  Gap. 

I  have  myself  no  doubt  of  the  correctness  of  these  reports,  so  far  as 
surface  exhibitions  are  concerned.  And  it  is  an  old  and  good  iron  mas- 
ter's maxim,  that  where  there  is  plenty  of  blossom  there  will  be  plenty  of 
good  ore.  The  fact  is  geologically  exact.  For  the  blocks  of  ore  on  the 
surface  of  limestone  land  (like  the  masses  of  white  quartz  on  the  surface 
of  a  mica  slate  country)  are  the  undissoluble  parts  of  the  original  country 
left  behind  by  the  slow  and  imperceptible  mouldering  away  and 
removal  of  the  softer  materiah 

A  downthrow  fissure,  also,  traverses  Wolf  Creek,  at  the  foot  of  Clinch 
Mountain,  as  shovm  in  the  following  continuation  of  section  8,  and  this 
fissure  brings  the  No.  IV  sandrock  of  the  mountain  (which  surrounds 
Burke's  Garden)  at  a  dip  of  30^,  down  against  the  limestone  of  the  val- 
ley. How  far  this  fissure  extends  eastward  I  do  not  know ;  but  certainly 
beyond  Rocky  Gap, 

CONTINUATION  or  SECTION  No. 8  (of thi  map;  SOUTHWARD  . 
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There  is  also  a  sharp,  broken  anticlinal  axis  running  through  the  valley 
of  the  Clear  Fork  of  Wolf  Creek,  and  this  would  favor  the  accumula- 
tion of  iron  ore.  Another  traverses  the  cove  behind  Buckhom  Ridge, 
cutting  it  off  from  East  River  Mountain.  It  is  on  this  anticlinal  that  the 
Wolf  Creek  Cove  ores  exhibited. 

But  there  is  another  important  fact  not  to  be  lost  out  of  view.  Through 
out  Southern  Pennsylvania,  and  as  far  eastward  (along  the  belt  of  which 
we  are  treating)  as  the  Lehigh  and  the  Delaware,  and  so  on  through  New 
Jersey  in  the  one  direction,  and  through  Maryland  and  Virginia  in  the 
other  direction,  the  horizon  (or  formation  level)  of  the  bottom  of  the 
Lower  Silurian  (formerly  called  ^*  Hudson  River")  Slates,  No,  III,  and  the 
top  of  the  Lower  Silurian  Limestones,  No,  II,  is  a  plate  of  brown  hema- 
tite iron  ore-bearing  rocks.  Many  of  our  best  and  oldest  mines,  like  the 
Balliott  and  the  Moselem,  between  the  Schuylkill  and  the  Lehigh,  are  on 
the  outcrop  of  this  horizon,  at  the  top  of  the  limestone  formation.  Whp^e 
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the  dip  is  low  and  the  slates  of  No.  Ill  are  thick,  this  line  runs  through 
the  middle  of  our  limestone  valleys.  Where  the  dips  are  steep  and  the 
Slate  Formation  No.  Ill  is  not  so  thick,  the  latter  forms  the  flank  of  the 
mountain,  and  the  iron  ore  line  runs  at  the  base  of  the  mountain.  Where 
a  closely  folded  anticlinal  makes  the  valley  so  narrow  that  the  two  bases 
of  the  opposing  No.  Ill  Mountains  touch  each  other,  and  the  ridge  of  the 
limestone  formation  No.  II,  juts  up  along  the  water  course,  or  does  not 
quite  come  to  the  surface  (as  in  the  three  valleys  at  the  left  hand  side  of 
the  above  Section  No.  8),  the  iron  ore  deposits  must  be  abundant. 

Holding  these  simple  principles  of  structure  in  mind,  it  is  evident  that 
the  great  iron  bearing  formation,  at  the  base  of  the  No.  Ill  Slate  Forma- 
tion, keeps  its  character  all  through  Middle  and  Southern  Virginia,  and 
will  be  as  rich  and  certain  a  basis  for  large  iron  mining  and  iron 
smelting  operations  as  any  other  and  better  known  section  of  the  Appa- 
lachian Mountain  Belt  between  New  York  and  Alabama. 

An  old  forge  at  the  west  end  of  Paint  Lick  Mountain  (between  Leba- 
non and  Jeffersonville)  used  this  top-limestone-horizon  ore  ;  and  I  have 
no  doubt  of  its  abundance  in  many  other  places.  It  is  more  con- 
stant and  regular  than  the  ores  further  down  and  near  the  bottom  of  the 
Limestone  Formation  No.  II.  And  these,  moreover,  are  often  swallowed 
up  to  such  a  depth  by  the  downthrows  as  not  to  be  attainable  for  many 
years. 

It  remains  to  notice  a  quite  different  variety  of  iron  ore,  which,  I  hope, 
will  prove  sufficiently  abundant  at  a  few  points  along  your  line  of  road. 
It  is  the  Fossil  Ore  of  V  ;  the  Paint  or  Dye-stone  Ore  of  Tennessee. 

To  describe  the  situation  of  this  ore,  I  must  refer  to  the  map  accom- 
panying this  paper.  I  have  colored  Formation  No.  V,  the  red  shales  of 
the  Clinton  Group,  with  the  color  which  I  gave  it  on  the  State  Geological 
Map  of  Pennsylvania.  This  color,  however,  is  not  appropriate  to  the 
formation  in  Southern  Virginia ;  for  the  red  soil  and  reddish  (Upper  Si- 
lurian) sandstones  which  mark  the  slope  sides  of  our  Pennsylvania  Moun- 
tains (of  No.  IV),  gradually  disappear  as  one  goes  south  from  the  Poto- 
mac, giving  place  to  a  gray  soil  and  very  slightly,  often  not  at  all,  red- 
dened sandstones  and  slates.  On  the  other  hand,  the  opposite  side  of  the 
mountain,  where  the  basset  edges  of  the  (Lower  Silurian)  slates  of  No. 
Ill  crop  out,  is  very  red.  A  Pennsylvanian  geologist  floating  over  the 
country  in  a  balloon  would  naturally  make  the  mistake  of  just  reversing 
the  geology  of  the  mountain,  and  would  descend  upon  the  wrong  side  of 
it  to  seek  for  the  well-known  and  highly  prized  fossil  ore  bed  of  Danville 
and  Frankstown. 

In  spite  of  this  change  of  color  in  the  formation  soils  of  the  region,  I 
have  thought  it  best  to  retain  the  red  color  for  No.  V  upon  the  map,  see- 
ing that  it  represents  the  blood-red  color  of  the  fossil  ore  itself.  One  may 
see,  then,  by  tracing  the  lines  of  color  on  the  map,  where  the  fossil  ore 
bed  ought  to  be ;  whether  it  be  there  or  not.  Very  extensive  and  costly 
explorations  have  been  necessary  in  Pennsylvania  and  Maryland.  No 
doubt  much  research  of  the  same  sort  will  be  called  for  in  Virginia.  But 
the  ore  is  there ;  and,  as  in  Pennsylvania  and  Tennessee,  it  will  run  for 
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miles  together  in  a  workable  condition  as  to  size  and  posture,  and  prove 
a  source  of  wealth. 

The  principal  use  of  this  ore  is  to  mix  with  other  varieties, — ^with  the 
blue  carbonate  lean  ores  of  the  Coal  Measures,  especially ;  but  also  with 
the  inferior,  grades  of  brown  hematite.  The  time  will  come  when  it  will 
be  smelted  in  connection  with  the  primary  ores  of  the  Blue  Ridge  Range 
and  Smoky  Mountains. 

The  forge  which  stood  many  years  ago  at  the  west  end  of  Paint  Lick 
Mountain,  in  Russell  County,  used  this  ore,  and  obtained  it  from  the  sum- 
mit of  Short  Mountain  to  the  south. 

Paint  Lick  Mountain  is  named  from  an  exposure  of  this  ore  on  its  sum- 
mit. The  situation  is  one  of  peculiar  interest  to  the  geologist  and  to  the 
antiquarian. 

CROSS  SECTION  AT  THE  ROAD  FROM  THE  CHURCH  TO  CLINCH  RIYER 
ABOVE  CEDAR  BLUFFS;  AT  LYLE'S  GAP. 


Pcunt  Lick  Mtn, 


Deskiiva  Mtn,, 


y.zoUir.  -, 


A  cross-section,  at  the  road  over  the  mountain,  through  a  notch  called 
Lyle's  Gap,  will  show  the  cause  of  the  appearance  of  this  ore  in  so  singu- 
lar a  position.  It  is  confined  to  the  very  summit  of  the  mountain  for 
some  distance  midway  between  the  two  ends,  and  to  the  west  of  the  place 
where  the  road  crosses.  Its  thickness  and  extent  is  unknown,  nor  do  I 
think  that  more  than  a  few  thousand  tons  of  it  are  to  be  expected.  The 
ore  stratum  has  been  swept  away  from  all  other  parts  of  the  ridge  of  the 
mountain,  and  no  trace  of  it  has  been  left  upon  Deskin's  Mountain  ;  from 
PAINT  LICK   MTN,  FROM  THE  SOUTH;  CLIFFS  AND  ORE. 


.  d,  fhssil  ptunt  c 


which,  indeed,  the  great  sandrock  No.  IV  has  almost  disappeared ;  a  few 
house  and  bam-like  masses  being  left  standing  at  its  western  end  in  most 
picturesque  style.    House  and  Bam  Mountain  is  a  prolongation  of  Paint 
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Lick  synclinal  westward  and  is  named  from  two  masses  of  No.  lY, 
left  upon  its  summit,  visible  from  all  the  surrounding  country.  Dial 
Knob  (East  River  Mountain)  and  Buckhom  Mountain  are  prolongations 
of  Paint  Lick  and  Deskin's  synclinals,  eastward  beyond  Jeffersonville, 
and  Dial  Knob  may  have  a  good  deal  of  fossil  oi*e  left  upon  it  in  the  cove, 
behind  the  Dial  Glififs ;  but  Buckhom  has  lost  the  ore.  So  has  the  whole 
range  of  Rich  Mountain,  from  Rocky  Gap  west,  to  Morris's  Knob,  which 
is  terminated  by  one  of  the  most  remarkable  clififs  oi  No.  IV  I  ever  saw 
(see  its  profile  below).  Short  Mountain  is  a  prolongation  of  Rich  Moun- 
tain westward,  broadened  by  a  shallow  synclinal  which  must  hold  large 
quantities  of  the  fossil  ore.  The  synclinal  of  House  and  Bam  Mountain 
is  prolonged  westward  (past  Lebanon,  far  down  Clinch  River)  as  a  down- 
throw of  the  No.  V  Formation  against  the  limestone  of  No.  II ;  and  all 
along  the  south  side  of  Copper  Ridge  there  runs  a  south  dipping  plate  of 


DOUBLE  ESCARPEMENT  OF  No.  IV.  200  Ft.  WALLS« 
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the  fossil  ore,  which  has  been  opened,  in  old  times,  at  one  point,  and  used 
in  a  now  abandoned  forge.  There  must  be  immense  quantities  of  the 
ore  in  this  ridge.  It  is  known  to  the  inhabitants,  however,  only  as  a 
paint.     But  this  will  be  a  sufficient  guide  to  the  iron  master. 

The  Indians  used  the  outcrop  of  the  fossil  ore  bed  to  paint  their  faces 
and  lodges.  The  deposit  on  Paint  Lick  Mountains  was  a  famous  locality 
among  the  Aborigines.  On  a  smooth  perpendicular  wall  of  sandstone, 
facing  southward,  and  visible  from  General  Bowen's  house  and  the 
Maiden  Spring,  there  remain  numerous  pictures  and  symbols  of  men  and 
animals  in  red  paint,  fresh  as  when  first  made,  and  older  than  the  settle- 
ment of  the  country  by  the  whites.  I  give  above  a  view  of  this  long  wall 
of  sandstone  cliffs  as  I  saw  it  from  the  Lebanon-Jefferson  turnpike  ;  and, 
when  taken  with  the  cross-section,  it  will  explain  without  further  words 
both  the  structure  of  this  (and  other  similar  mountains)  and  the  cause  of 
the  small  amount  of  fossil  ore  left  upon  its  summit,  and  the  total  disap- 
X)earance  of  the  last  remains  of  the  ore  deposit  from  the  summits  of 
House  and  Bam,  Desmit,  Buckhom,  and  Rich  Mountains. 

But  there  are  extensive  outcrops  of  the  fossil  ore  of  No.  V  along  Poor 
Valley  ;  in  fact  the  deposit  (whether  rich  or  not  remains  to  be  discovered) 
runs  uninterruptedly  more  than  a  hundred  miles  in  an  almost  mathemati- 
cally straight  line  along  the  south  flank  of  the  Clinch  Mountain  from 
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Tennessee,  past  Moccasin  Gap,  back  of  Saltville,  past  Sharon  Alum 
Springs,  to  Hunting  Camp  and  Kimberling  Creeks,  and  so  on,  eastwani, 
across  New  River  towards  the  James  River  country.  No  doubt  some 
sections  of  this  line  hold  the  ore  bed  in  a  lean  and,  perhaps,  unworkable 
condition ;  but  it  is  quite  incredible  that  other  sections  will  not  have  it 
both  thick  and  rich. 

Now  it  is  along  this  Poor  Valley  and  its  outcrop  of  iron  ore  that  Gen. 
Haupt  locates  the  line  of  railway. 

Even  if  the  Clinch  River  line  be  axiopted,  for  the  sake  of-  the  coal  and 
for  other  reasons,  a  branch  road  must  certainly  be  made  up  Hunting 
Camp  Creek  to  the  Plaster  Banks,  at  Saltville  ;  and  this  branch  will  have 
the  ore  crop  of  Poor  Valley,  and  the  ore  deposits  of  Tumbling  Run,  on 
top  of  Short  Mountain,  at  its  command.  It  can  bring  the  fossil  ore  for- 
Mrard  to  the  Forks  of  Wolf  Creek,  where  are  the  before  mentioned  large 
deposits  of  brown  hematite  ore  ;  and  where  it  will  meet  the  coal  coming 
across  from  the  Clinch  River.  Here,  or  somewhere  lower  down  Wolf 
Creek,  perhaps  at  its  mouth,  will  probably  be  located  one  of  the  princi- 
pal future  iron-works  of  Southwestern  Virginia. 

THE  PLASTEK  (GYPSUM)  BANKS,  AT  SALTVILLE. 

A  sound  theory  of  the  origin  of  the  gypsum  can  be,  for  the  present, 
our  only  guide  to  a  correct  estimate  of  its  quantity,  where  it  is  known  to 
exist,  and  to  its  discovery  elsewhere. 

Gypsum  may  be  produced  by  the  action  of  free  sulphuric  acid  on  lime- 
stone ;  or  by  the  action  of  sulphuretted  hydrogen  gas  on  limestone.  One 
or  the  other,  or  both  of  these  agents  combined,  have  acted  on  the  lime- 
sfone  rocks  along  the  banks  of  the  N.  Fork  Holston  River,  from  Saltville, 
eastward  for  a  number  of  miles,  converting  them  into  gypsum.  The 
acid,  whether  in  a  fluid  or  in  a  gaseous  form,  has  undoubtedly  passed 
along  between  the  walls  of  the  great  fissure  which  has  thrown  the 
Lower  Coal  Measures  of  the  Poor  Valley  (Little)  Mountain  15,000  or 
20,000  feet  down  against  the  limestones;  has  soaked  into  the  walls  of 
the  fissure ;  and  has  changed  the  limestone  to  gypsum  for  many  yards 
on  each  side  of  the  crack.  Shafts  have  been  sunk  through  solid  masses 
of  gypsum  rocks  thus  formed  to  a  reported  depth  of  500  and  600  feet, 
finding  no  bottom  to  the  gypsum. 

The  story  of  this  shafting  as  given  to  me  by  General  Bowen  is  as  follows  : 

SaltvilU.  Up  I    iKe    l^j    Hol«toiL       River.  |     ^      '^ 
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Captain  Smith  and  his  son-in-law  Mr.  Robinson  many  years  ago  sank 
a  line  of  shafts  across  the  (tertiary  or  postertiary)  plain  on  which  Salt- 
yille  stands,  and  all  of  them  through  gypsum  all  the  way  down.  Others 
were  sunk  by  Smith  &  Robinson,  Campbell,  Taylor  &  Bowen,  Meik  and 
others  at  other  places  in  the  Holston  Valley  for  a  length  of  twenty  (20) 
miles,  more  or  less,  and  up  Cove  Creek  four  or  five  miles  still  further  east. 
No  attempts  were  made  to  get  the  plaster  further  on  towards  Sharon  Alum 
Springs;  but  there  is  nothing  to  intimate  its  non- existence  except  the 
absence  of  outcrops-  through  the  soiL  These  outcrops  naturally  exist- 
ing, or  accidentally  exposed  in  farming,  or  by  the  railroad  cuttings  south 
and  west  of  the  viUage,  have  alone  (as  it  seems)  determined  the  search 
after  gypsum  in  the  valley.  And  as  the  Saltville  people  alone  have  any 
proper  machinery  for  sending  it  to  market,  a  stop  has  been  put  to  aU 
exploration  elsewhere. 

Moreovor,  seeing  that  Capt.  Smith  struck  a  copious  brine  in  two  of  his 
wells,  the  opinion  early  prevailed  that  the  salt  and  the  gypsum  were 
geologically  connected.  This  opinion  induced  a  number  of  persons  to 
sink  in  the  gypsum  outcrops  not  for  gypsum  but  for  salt  water.  As  salt  water 
was  obtained  in  no  single  instance  other  than  Capt.  Smith's  two  wells,  all 
hope  of  obtaining  brine  and  making  salt  elsewhere  than  at  Saltville  has 
been  long  since  abandoned  ;  and  consequently  all  exploration  of  the  gyp- 
sum rocks,  which  had  no  commercial  value  to  the  salt-well  borers. 

It  is  therefore  probable  that  the  limestone  wall  (the  south  wall)  of  the 
Holston  River  Downthrow  (Upthrow  of  limestone)  will  in  course  of  time 
be  discovered  to  be  converted  into  gypsum  at  other  points  besides  those 
specified  above  ;  and  that  the  gross  quantity  of  gypsum  existing  beneath 
the  surface  along  this  part  of  the  Holston  River  far  exceeds  any  estimate 
which  I  can  make  from  the  gypsum  banks  already  opened.  And  for  the 
same  reason  it  is  probable  that  the  limestone  walls  of  the  other  Uptlirows 
of  the  region  will  be  found  turned  into  gypsum,  at  least  in  certain  places, 
and  in  very  considerable  abundance. 

The  appearance  of  brine  in  such  quantity  and  of  such  strength  must 
be  considered  as  a  local  phenomenon  explainable  without  reference  to  the 
gypsum.  Such  an  explanation  may  be  found  in  the  very  curious  lake- 
deposit  of  the  little  triangular  plain  of  Saltville ;  a  deposit  evidently 
made  in  a  deep  little  lake  or  pond  basin  filled  with  red  mud  saturated 
with  gait- water,  gypsum  drainings,  &c.,  &c.  In  this  mud  the  salt-water 
has  deposited  rocksalt,  and  from  this  rocksalt  deposit  now  rises  the 
copious  discharge  of  brine  which  furnishes  all  the  supply  needful  for  the 
extensive  salt  works.  The  salt  lies  in  solid  form,  mixed  and  inter-strati- 
fied with  compact  red  marl  or  clay,  200  feet  below  the  water-level  of  the 
Holston ;  and  the  borings  Jiave  gone  down  (at  the  Salt  Works)  176  feet 
further  without  reaching  the  bottom!  On  the  top  of  the  deposits  of  salt 
and  mud  is  a  stratum  of  blue  slate  more  than  100  feet  thick.  Over  the 
blue  slate  lie  60  or  80  feet  of  gypseous  clays.  The  limestone  country  being 
cavernous  to  great  depths,  and  especially  along  the  face  of  the  Down- 
throw, it  is  not  surprising  to  notice  that  the  level  of  water  stands  the 
same  for  all  the  wells  and  shafts  sunk  at  Saltville  and  rises  and  falls  in  sym- 
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pathy  with  the  Holston  River.  This  accounts  for  the  inexhaustible  supply  of 
liquid.  The  heaviest  pumping  has  no  perceptible  efifect  in  lowering  the  level. 

In  1853  the  salt  yield  was  300,000  bushels;  50  lbs.  to  the  bushel,  and  6  bush- 
els to  the  barrel ;  at  50  cents  a  bushel.  Five  furnaces  were  then  running 
24,000  gallons  of  brine  pumi)ed  daily ;  10,000  cords  of  wood  burned  yearly. 

During  the  Civil  War,  four  wells  were  pumped  night  and  day  for  six 
months,  and  yielded  1,000,000  bushels  of  salt  during  that  half  year. 
There  were  then  sixty-nine  dififerent  "blocks  of  kettles"  going.  These 
kettles,  broken  and  rusty,  lie  scattered  about  the  valley  for  six  miles, 
half  buried  in  piles  of  burnt  and  broken  down  walls  which  represent  the 
various  works  then  in  full  operation.  Some  of  the  salt  water  was  carried 
in  railway  tanks  nine  miles  to  Glade  Spring  Station  on  the  Virginia  and 
Tennessee  Railroad,  and  boiled  there. 

At  present  there  are  three  "blocks,*'  of  80  kettles  each,  (5  bushel  to  a 
kettle)  per  24  hours,  making  360,000  bushels  per  year,  of  300  days. 

Preston's  gypsum  banks  yielded  2000  tons  in  1854 ;  the  cost  at  the 
mines,  in  lump,  being  $3,  and  in  flour  $5  ;  eighty  miles  distant  $20. 

What  the  yield  has  been  since  and  what  it  is  now,  I  do  not  know.  Ope- 
rations ate  vigorously  carried  on  at  four  or  five  shafts.  Plaster  is  now 
sold  at  the  mines  for  $2.50  the  ton  ;  at  Sharon  Alum  Springs,  35  miles  to 
the  eastward,  at  $10,  in  wagons  ;  and  is  carried  forty  miles  further  east 
for  use  upon  the  soil.  Its  virtues  are  well  known  and  highly  prized.  It 
doubles  the  grass  crop  and  grain,  and  greatly  improves  corn.  One  bushel 
of  100  pounds  is  sown  to  the  acre. 

A  railway  from  Saltville  east  would  find  a  market  for  all  the  plaster  it 
carried.  Plaster  would  go  east  to  the  Wolf  Creek  Fork  Junction,  and  re- 
turn by  the  other  line  to  be  used  on  the  pasture  lands  of  Tazewell  and 
Russell  and  Wise  Counties.  But  its  greatest  commercial  outlet  would  be 
towards  Staunton  and  Winchester. 

Although  the  gypsum  rocks  have  not  the  regularity  of  a  coal  bed,  and 
some  difficulties,  of  a  kind  peculiar  to  this  district  will  be  encountered 
when  mining  operations  are  extended  to  cope  with  the  demands  of  com- 
merce along  a  great  trunk  railroad,  yet  I  see  no  practical  limit  to  the 
capacity  of  the  gypsum  belt  for  exploration.  Shafts  five  and  six  hun- 
dred feet  deep  have  permitted  the  miners  to  feel  the  gypsum  masses  for 
fifty  yards  in  width.  Such  a  mass,  limited  by  such  a  shaft,  weighs  six  or 
seven  hundred  thousand  tons,  provided  the  gypsum  be  solid  the  entire 
depth  of  the  shaft,  &c.,  &c.  This  is  not  the  case  ;  neither,  on  the  other 
hand,  is  the  width  of  the  column  of  gypsum  limited  to  fifty  yards,  or  to 
any  other  figure.  Nothing  can  be  more  irregular  than  the  masses  of  gyp- 
sum underground — unless  it  be  the  course  to  be  taken  to  get  it  out  to  the 
surface.  In  spite  of  all  mining  difficulties  the  value  and  scarcity  of 
the  mineral  in  all  other  parts  of  the  country  must  make  its  mining  in  this 
district  always  extremely  profitable,  and  its  railway  carriage  over  long  dis- 
ances  inevitable.  It  must  always  be  in  demand  ;  can  always  pay  a  high 
freight  charge,  and  cannot  meet  with  competition  from  the  Nova  Scotia 
plaster  until  it  arrives  within  a  hundred  miles  or  so  of  tidewater.  Westward 
and  southward  it  may  go  five  hundred  miles  without  meeting  competition. 
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Stated  Meeting,  Sept  20, 1872. 

Present,  nine  members. 

Vice  President,  Mr.  Fraley,  in  the  Chair. 

A  Photograph  was  received  from  Mr.  A.  H.  Worthen, 
dated,  Springfield,  111.,  August  31, 1872. 

Letters  of  acknowledgment  were  received  from  the  Con- 
gressional Librarian,  Sept.  5th  (Proc.  Vol.  1.  Catalogue 
L,  IL),  the  Boston  N.  H.  S.,  May  15th  (XIV.,  iii.  86, 87,)  and 
the  London  Geological  Society  (XIV.,  iii.  86.) 

A  letter  of  envoy  was  received  from  the  N'ew  York  State 
Library,  dated  August  30. 

A  letter  describing  the  Museums  and  Libraries  of  Ox- 
ford, England,  was  received  from  Mr.  W.  A.  Snaith,  Pro- 
fessor of  Moral  Philosophy  in  Columbia,  Tennessee,  Athen- 
aeum, dated,  Sept.  14th,  1872. 

A  letter  was  received  from  D.  C.  H.  Stubbs,  dated  July 
8th,  1872,  respecting  the  purchase  of  copies  of  Photographs 
of  Indian  Sculpture.  On  motion  the  Secretary  of  the  even- 
ing was  authorized  to  purchase  a  set  after  due  examination 
of  their  value. 

Donations  for  the  Library  were  received  from  the  Horti- 
cultural Society  in  Berlin,  the  Prussian  Academy,  the 
Observatory  at  Turin,  the  Geographical  Society,  Revue  Poli- 
tique, and  Lartet  family  at  Paris,  the  Edinburg  Observatory, 
the  Meteorological  Office  in  London,  N'ature,  the  Canadian 
N'aturalist,  Essex  Institute,  Old  and  JSTew,  Dr.  S.  A.  Green  of 
Boston,  American  Antiquarian  Society,  Anierican  Journal  of 
Science,  and  Professor  0.  C.  Marsh  of  New  Haven,  American 
Chemist,  Mr.  W.  W.  Mann,  the  Dudley  Observatory,  New 
York  State  Library,  N.  J.  Historical  Society,  Franklin 
Institute,  Medical  News,  Journal  of  Pharmacy,  and  Prof. 
Edwin  J.  Houston  of  Philadelphia,  the  Petroleum  Monthly, 
the  U.  S.  Observatory,  Bureau  of  the  Interior,  Prof.  F.  L.  0. 
Eohrig,  the  Smithsonian  Institution,  Bureau  of  U.  S.  En- 
gineers, and  the  Wisconsin  Historical  Society. 

The  death  of  Mr.  Jacob  R.  Eckfeld  at  Haverford,  near 


Digitized  by 


Google 


515 

Philadelphia,  August  9th,  aged  70,  was  announced  with 
appropriate  remarks  by  Mr.  Patterson. 

On  motion,  Mr.  Dubois  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

The  death  of  Dr.  John  Bell  of  Philadelphia,  August  19th, 
aged  77,  was  announced  by  the  Secretary. 

On  motion,  Dr.  B.  H.  Coates  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Communications  were  received  from  Prof.  R  D.  Cope 
under  the  following  titles : 

Third  account  of  New  Vertebrata  from  the  Bridger  Eocene 
of  Wyoming  Territory. 

Notices  of  New  Vertebrata  from  the  upper  waters  of 
Bitter  Creek,  Wyoming  Territory. 

Second  notice  of  Extinct  Vertebrates  from  Bitter  Creek, 
Wyoming  Territory. 

On  the  existence  of  Dinosauria  in  the  Transition  beds  of 
Wyoming  Territory. 

On  the  Dentition  of  Metalophodon. 

The  Secretary  announced  that  he  had  received  a  telegram 
from  Prof.  Cope,  dated  Black  Buttes,  Wyoming  Territory, 
August  17th,  announcing  the  discovery  of  Lefalophodon 
dicornutus,  bifurcatus,  and  excressicornis.  Cope. 

Prof.  Edwin  J.  Houston  called  the  attention  of  the  Society 
to  a  remarkable  instance  of  the  acoustic  sensitiveness  of 
matter.  "While  visiting  a  number  of  water-falls  on  Adam's 
Brook,  Pike  Co.,  Pennsylvania,  I  noticed  one  in  which  a 
scanty  supply  of  water  was  dripping,  in  thin  delicate  streams, 
from  the  moss  covered  walls  of  a  precipice.  The  day  was 
unusually  calm,  and  the  veins  were  remarkably  free  from 
ventral  segments  for  a  considerable  distance  from  the  fila- 
ments of  moss  from  which  they  issued.  Struck  with  this 
circumstance  the  idea  occurred  to  me  to  test  the  sensitive- 
ness of  the  stream  to  sound  pulses.  I  made  the  attempt,  and 
after  several  trials  found  a  note,  a  shrill  falsetto,  to  which 
they  would  respond. 

The  experiment  was  one  of  extreme  beauty.   At  one  point 
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of  the  falls,  there  were  no  less  than  one  hundred  of  these 
streams,  and  on  sounding  the  required  note  the  groupings 
of  the  drops  and  the  positions  of  the  ventral  segments  in- 
stantly altered  in  quite  a  marvellous  manner.  This  ease  of 
acoustic  sensitiveness  is  one  of  the  most  extensive  I  have 
ever  noticed. 

A  second  fall  was  found  that  would  respond  to  certain 
notes,  though  it  was  not  equal  to  the  first  in  sensitiveness. 

Though  not  able,  from  a  sudden  flooding  of  the  streams, 
to  discover  the  exact  conditions  for  success,  I  believe  the 
explanation  of  the  phenomenon  to  be  the  same  as  that  now 
generally  given  for  sensitive  smoke  and  water  jets,  viz:  that 
the  sound  pulses  produce  a  vibration  of  the  orifice  of  the  jet, 
by  which  the  constitution  of  its  issuing  stream  is  altered. 
The  orifice  in  the  case  is  replaced  by  the  thin  moss  filaments, 
which  are  surrounded  by  the  stream  instead  of  surrounding 
it.  From  their  shape  and  position  their  filaments,  acting  as 
reeds,  readily  accept  the  motion  of  the  sound  waves  and  so 
alter  the  constitution  of  the  vein." 

Prof.  Chase  communicated  observations  on  Paily  Auroral 
and  Meteoric  Means,  and  on  some  new  correlations  of  stellar 
and  Planetary  distances. 

Mr.  Lesley  described  a  newly  observed  terminal  moraine 
crossing  the  Walkill  Valley  at  Ogdensburg  near  Franklin, 
Essex  county,  New  Jersey. 

Pending  nominations,  JS'os.  697  to  701  and  new  nomina- 
tion No.  702  were  read. 

The  mee|:ing  was  then  adjourned. 


DAILY  AURORAL  AND  METEORIC  MEANS. 
By  Pliny  Earle  Chase. 
{Read  before  the  American  Philosophical  Society,  Sept,  20,  1872.) 
The  apparent  influence  of  meteoric  faUs  upon  auroras,  which  is  indi- 
cated by  the  five-day  means,  {ante  p.  402),  renders. more  minute  observa- 
tions desirable,  in  order  to  ascertain  to  what  extent  a  similar  influence 
may  be  traceable  in  the  daily  means. 

The  only  available  observations  that  have  fallen  under  my  notice, 
from  Mrhich  any  satisfactory  approximation  can  be  made  to  the  daily 
meteoric  curve,  are  embodied  in  Baumhauer's  table  of  the  recurrences  of 
meteoric  stones  and  fire-balls,  quoted  by  Levering,  ("on  the  Periodicity 
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of  the  Aurora  Borealis,"  p.  220).  Lovering  observes  that  the  days  sig- 
nalized by  the  frequency  of  these  phenomena  are  also  days  which,  accord- 
ing to  Quetelet,  are  distinguished  by  extraordinary  numbers  ot  shooting 
stars.  I  have  grouped  the  second  means  of  Baumhauer's  numbers  in 
five-day  periods,  and  calculated  the  ratio  of  each  ordinate  to  a  mean  or- 
dinate of  100,  in  order  to  justify  the  following  comparison  with  the  auroral 
ordinates,  which  were  similarly  computed  from  Lovering' s  table. 
Five-Day  Auroral  and  Meteoric  Normals. 


(A.  =  Auroral,  Lovering. 

M.= Meteoric,  Baumhauer,) 
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In  each  curve  there  is  a  tendency  to  monthly  maxima,  the  tendency  be- 
ing least  evident  in  the  summer  months. 

The  principal  minimum  in  each  curve  is  in  June. 

There  are  nine  marked  maxima  in  each  curve,  of  which  those  in  the 
months  pf  January,  February,  March,  April,  September,  October  and 
November,  are  the  most  nearly  accordant.     These  maxima  are  as  follows  : 

A.  Jan.  13.    Feb.  23.    Mar.  16.    Apr.  13, July  7, Sept.  25. 

Oct.  20.  Nov.  14.  Dec  14. 

M.  Jan.  8.  Feb.  7.   Mar.  9.    Apr.  8.    May  18 Aug,  6.   Sept  10. 

Oct,  20.  Nov.  14 

Two  of  the  maxima  are  synchronous  in  the  two  curves  ;  three  occur  in 
the  auroral  ordinate  which  follows  the  meteoric  ordinate  ;  two  occur  in 
the  third  subsequent  ordinate,  one  of  the  two  being  midway  between  a 
precedent  and  subsequent  meteoric  ordinate.  The  accordances  and  the 
discrepancies  may  perhaps  be  explained  by  the  hypothesis  of  lunar  per- 
turbations. 

The  daily  curves  present  a  similar  accordance  in  the  number  o^ 
maxima  and  minima,  but  in  consequence  of  the  frequent  uncertainty 
whether  the  auroral  or  the  meteoric  should  be  regarded  as  the  precedent 
influence,  they  do  not  seem  to  furnish  any  additional  data  for  satisfactory 
conclusions. 

By  variously  grouping  the  auroral  observations  on  each  side  of  the 
days  that  have  been  designated  by  Wolfe  and  Kirkwood  as  rich  in  meteoric 
displays,  or  on  each  side  of  the  middle  days  of  meteoric  periods,  a  variety 
of  curves  may  be  formed,  of  which  the  three  following  sets  of  ordinates 
furnish  examples : 

Days.  —7  —6  —5  —4  —3  —2  —1    0     -f  1  +2-  +3  -1-4  +5  -f  6  -j-'i 

a  100    99  100  102  104  106  106  104  103  105  107  108  106  101    99 

fi  99    99    97    97    97    99  101  101  100  101  102  102  104  104  102 

y  103  102  101     98    97    98    98    99  101  101  101  103  105  101    98 

These  curves  indicate  a  connection  of  meteoric  displays  with  increasing 
auroral  displays,  together  with  a  slight  subordinate  tendency  to  auroral 
maxima  within  one  day  of  a  meteoric  display. 

Although  the  SBthereal  disturbance,  which  is  manifested  by  the  auroras, 
appears  to  follow,  more  often  than  it  precedes,  meteoric  falls,  it  seems 
probable  that  both  phenomena  are  often  dependent  upon  lunar  pertur- 
bations or  other  extraneous  causes.  In  such  cases,  the  auroras  may  be- 
come visible  before  the  meteors  have  reached  the  earth's  atmosphere,  and 
been  made  incandescent  by  friction. 


STELLAR  AND  PLANETARY  CORRELATIONS. 
By  Prop.  Pliny  Earle  Chase. 
(Read  before  the  American  Pkilosophical  Society,  SepL  20,  1872.) 
Mercury's  mean  distance  may  be  grouped  with  the  mean  distances  of 
other  primary  planets,  so  as  to  form  the  two  following  series  :* 

*  In  each  table,  C  denotes  the  logarithm  of  the  computed  yalue;  0,  the  logarithm  of  the  ob- 
served value;  E,  the  percentage  of  error  in  the  computed  value :  L,  the  limit  of  retardxtioobf 
solar  rutaciou  aud  uf  pus8ible  solar  atmosphere;  M.  modulus  of  light.  The  fandameaCal  nnu 
is  the  suuh's  radius.  The  origin  of  the  oo-ordinates  is  taken  at  the  interaeotion  of  the  axis  and 
the  directrix. 
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(I.) 


(II.) 


c. 

o. 

E. 

c. 

0. 

E. 

.178352 

.115730 

.467972 

.732349 

.786253 

JX  J  L  1.335303 

1.333858 

+.003 

i  L  .1.133195 

1.135133 

—.004 

g  1.924592 

1.919997 

+.011 

f  **   1.508798 

1.509949 

—.003 

c?  2.500216 

2.513999 

—.032 

g  1.913062 

1.919977 

—.016 

ii  3.062175 

3.048392 

+  .032 

e  2.345987 

2.332155 

+.032 

§  3.610469 

3.615063 

—.011 

•     2.807573 

k  3.297820 

3.311651 

—.032 

tp  3.816728 

3.809811 

+.016 

If  the  limiting  radius  of  solar  retardation  (L  —36.4,  see  ante,  p.  415)  be 
regarded  as  also  a  limit  of  explosive  oscillation,  and  if  radii  terminating 
in  the  cardinal  points  of  the  explosive  excursion  (J,  J,  |,  i,  |,  f,  |)  be 
employed  for  determining  a  parabolic  series,  the  mean  distances  of 
Venus,  Earth,  and  Jupiter,  v^ill  be  represented  by  succeeding  abscissas 
of  the  same  series,  as  in  Table  III. 

(HI.) 


C 

0 

E 

.127899 

.291712 

.453089 

iL 

.612030 

.606859 

+.012 

.768535 

.782950 

-.034 

.922604 

.907889 

+.034 

1.074237 

1.083980 

—.023 

1.223434 

1.208919 

+  .034 

1.370195 

1.385010 

—.035 

1.514520 
1.656409 
1.795862 
1.932879 
2.067460 

1.509949 

+.011 

9 

2.199605 

2.191493 

+.019 

e 

2.329314 
2.456587 
2.581424 
2.703825 
2.823790 
2.941319 

2.332155 

-.007 

V 

3.056412 

3.048392 

+.019 

If  the  determining 

series  be  modified  by  substituting  L  for  § 

L,  andem- 

ploying  i  L  for  the  succeeding  determining  abscissa, 

Mercury' 

s  perihelion 
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and  aphelion,  and  the  mean  distances  of  Venus,  Mars  and  Jupiter,  will 
be  represented  by  succeeding  abscissas  of  the  same  series,  as  in  table  lY. 

(IV.) 


c 

0 

E 

.047818 

.187943 

.330020 

.474049 

JL 

.620030 

.606859 

+.031 

*  " 

.767963 

.782950 

— .oan 

f  " 

.917848 

.907889 

-f.023 

i   " 

1.069685 

1.083980 

—.033 

i  " 

1.223474 

1.208919 

+.034 

f  " 

1.379215 

1.385010 

—.014 

1  " 

1.536908 

1.561101 

-.057 

■t  " 

1.696553 

1.686040 

+.025 

Si 

1.858150 

1.850507 

+.018 

5^11 

2.021699 

2.021443 

+.000 

9 

2.187200 

2.191493 

—.010 

90* 

2.354653 

2.353070 

+.004 

c? 

2.524058 
2.695415 

2.868724 

2.513999 

+.023 

y. 

3.043985 

3.048392 

—.010 

g-tpt 

3.221138 

3.211038 

+.024 

In  a  communication  which  I  presented  to  the  Society,  May  16th,  1872, 
I  indicated  some  simple  relations  between  the  superficial  gravity  and  the 
times  of  rotation  of  the  Sun,  Jupiter  and  the  Earth.  If  those  relations 
are,  as  I  believe,  determined  by  an  influent  force,  we  may  reasonably  look 
for  some  analogous  relations  bstween  our  own  and  other  stellar  systems. 

In  the  solar-focal  parabola  which  passes  through  a  Centauri  and  has 
its  directrix  in  a  linear  centre  of  oscillation  of  a  solar  diameter,  twenty- 
seven    successive    abscissas    may   be    taken    in    regular    progression, 

between  the  star  and  the  Sun's  surface,  nine  of  which  will  be  extra 
planetary,  nine  will  be  in  simple  planetary  relations,  and  nine  will  be 
intra-planetary. 

The  upper  extra-planetary  abscissa  bears  nearly  the  same  ratio  to  the 
modulus  of  light,  as  L  bears  to  solar  radius. 

The  limiting  abscissas  of  the  planetary  series  are  determined  by  com- 
bining diametral  centres  of  oscillation  (2X|)>  with  centres  of  explosive 
condensation  (|),  and  of  explosive  oscillation  (f ). 

The  planetary  series,  between  these  limits,  is  J  9 >  I  ©>  J  %9  i  ™6*" 
asteroid,  f  ii,  ?  ^2,  J  S- 

*  Mean  centre  of  gravity  of  ^  and  0  at  heliocentric  conjunction. 

t  Mean  centre  of  gi-avity  of  all  the  planets,  at  heliocentric  conjonctioo. 
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The  co-efficient  of  the  inner  limiting  planetary  abscissa  (J  X  t  S  )  i» 
nearly  eqniyalent  to  the  co-efficient  of  the  exterior  intra-asteroidal  ab- 
scissa (}  % ). 

The  co-efficient  of  the  outer  planetary  abscissa  (f  X  f  W)  is  nearly  the 
reciprocal  of  the  co-efficient  of  the  inner  extra-asteroidal  abscissa  (|-  ^). 

The  middle  abscissa  of  the  planetary  series  corresponds  Tery  nearly  with 
the  inner  limit  of  the  asteroidal  belt  (Flora  —  2.674854),  as  well  as  with 
i  of  the  mean  distance  of  the  three  principal  central  asteroids  (2.672519), 
and  with  |  of  the  geometrical  mean  between  Flora  and  Cybele  (2.683640). 

Between  modulus  and  the  influent  <5entre  of  solar  explosive  oscillation 
(f  L)  there  are  fifteen  abscissas,  of  which  f  Ij  is  the  middle  one* 

Between  the  Satumian  abscissa  and  |r,  there  are  fifteen  abscissas,  of 
which  j  L  is  the  middle  one. 

The  abscissas  representing  centres  of  effluent  or  influent  explosive 
condensation  (f  M  and  i  L),  are  similarly  situated  with  reference  to  the 
intermediate  planetary  belt. 

No  probable  values  can  be  assigned  to  the  cardinal  abscissas  (a  Oentauri 
and  I  L),  rwhich  will  produce  deviations  of  the  theoretical  from  the  ob- 
served values  of  a  higher  order  of  magnitude  than  the  planetary  eccen- 
tricities. 

Henderson's  first  estimate  of  the  parallax  of  a  Centauri  was  1".16» 
Maclear's  observations,  in  1839-40,  gave  ".9128,  and  his  more  extended 
series,  1839-48,  gave  ".9187.  Norton  adopts  ".913  ;  Lockyer,  ".9187^ 
Denison,  without  assigning  any  reason,  ".976.  We  may  reasonably  re- 
gard Norton's  and  Denison's  estimates  as  the  limits  of  probable  value, 
and  compute  the  logarithmic  j)  and  ^  from  each  estimate  by  the  following 
equations. 

^  -h  20  ,y  -f  400  C  —  7.686009  (N),  or  7.657096  (D) 
1^— 4  L  — 1.208919. 
^— v^+v*  C 1.221849 


Solving  these  equations  we  obtains 

yj  —  .211401  -f ,  or  .210702  + 
C  —  .005622  +,  or  .005585  + 


In  the  following  table,  C  contains  the  abscissa's  according  to  Nor^ 
ton ;  C",  according  to  Denison ;  C"')  according  to  the  actual  planetary 
mean  distances.  The  degree  of  accordance,  between  the  parabolas  which 
arie  computed  from  stellar  and  solar  data  and  the  one  which  is  computed 
from  planetary  data,  and  the  evidences  of  sethereal  condensation  which 
are  furnished  by  the  gradual  lengthening  of  the  observed  abscissas,  are 
especially  noteworthy. 

A,  p.  s.— VOL.  xn.-— 3n 
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1 

%>^^ 

[»ept.20,18?i 

« 

(V.) 

c 

C" 

Qltf 

0 

a  Cent 

.  7.686009 

7.657096 

7.654826 

LXM 

7.355328 

7.228566 

7.218310 

7.215776 

6.835882 

6.811207 

6.801940 

6.427687 

6.405019 

6.396716 

6.030738 

6.010001 

6.002638 

|M 

5,645034 

5.626153 

5.619706 

5.627715 

5.270576 

5.273476 

5,247920 

4.907363 

4.891970 

4.887280 

4.555395 

4.541654 

4.537786 

4.214673   • 

4.202470 

4.199438 

JXfW 

3.885196 

3.874475 

3.872236 

3.883597 

JS 

3.566964 

3.557651 

3.556180 

3.557071 

fb 

3.259978 

3.251999 

3.251270 

3.244704 

J^ 

2-964237 

2.957515 

2.957506 

2.969211 

1* 

2.679741 

2.674204 

2.674888 

2,672519 

IS 

2.406491 

2.402063 

2.403416 

2.389060 

le 

2.144486 

2.141093 

2.143090 

2.156064 

i? 

1.893726 

1.891294 

1,893910 

1.890463 

-JX5  ? 

1.654212 

1.652665 

1.655876 

1.643973 

1.425943 

1.425207 

1.428988 

}L 

1.208919 

1.208919 

1.213246 

1.208919 

1.003140 

1.003802 

1.008650 

.808607 

.809856 

.815200 

il- 

-625319 

.627081 

.632896 

.606858 

.453276 

.455477 

.461788 

.292479 

.295042 

.301726 

.142927 

.145779 

.152860 

.004620 

.007686 

.015140 

* 

-1.877559 

-1.880764 

-1.888566 

-1.890856 

V 

-1.761743 

-1.765013 

-1.778138 

-1.657172 

-1.660432 

-1.668856 

-1.563847 

-1.567023 

-1.575720 

-1.481767 

-1.484783 

-1.493730 

-1.410932 

-1.413714 

-1.422886 

-1.351343 

-1.353816 

-1.363188 

i 

-1.303000 

-1-305089 

-1.314636 

-1.301030 

-1-265902 

-1.267532 

-1.277230 

-1.240049 

-1.241146 

-1.260970 

-1.225441 

-1.225931 

-1.285856 

-1.222078 

-1.221886 

-1.281888 

-1-229961,  &c 

-1.229011,  &c 

.  -1.239066,  «fcc. 
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CYCLICAL  RAINFALL  AT  SAK  FRANCISCO. 

By  Pliny  Eable  Chase,  Professor  op  Physics  in  Haverford 

College. 
{Read  before  the  American  Philosophical  Society,  July  l^th  and  October 

ISth,  1872.) 

Although  I  know  of  no  good  reason  for  admitting  that  the  question, 
whether  the  moon  exerts  an  influence  upon  the  weather,  is  still  an  open 
one,  there  is,  undoubtedly,  considerable  uncertainty  as  to  the  value  of  any 
predictions  that  may  be  based  upon  such  influence,  liable,  as  it  is,  to  local,, 
accidental  and  variable  disturbances,  partly  of  a  known  and  partly  of  an 
unknown  character.  •  On  this  account,  I  think  it  desii-able  to  collect  and 
discuss  all  accessible  records  of  observations  extending  over  a  period  of 
ten  or  more  years,  especially  in  the  neighborhood  of  sea-coasts  and  large 
bodies  of  water,  in  order  to  find  how  the  lunar  weather-curves  are  modified 
by  the  forms  of  continental  relief,  the  average  hygrometric  condition  of 
the  air,  the  changes  of  wind,  and  other  obvious  or  more  obscure  sources 
of  perturbation.     I  am  willing  to  devote  all  tlie  time  I  can  spare  from 


TABLE  I. 
Different  and  non-correspondent  Rainfalls  at  San  Francisf^p,  in  Lunar  and  Solar 
periods,  from  July  1,  1849,  to  July  I,  1872.    R=  Total  fall;  N  =  Normal  percentage  of 


LUNAR  MONTHLY 

Yr. 

SOLAR  YEARLY. 

A 

2« 

Nov.  Dec. 

Jan. 

Feb. 

Mar- 

Oct. 

1849 +  3n* 

1850  |3n 

1861 +3n 

Av. 

1 ^ 

'V 

^r^ 

R. 

M. 

R. 

N. 

K. 

N. 

N. 

R. 

M. 

K. 

N. 

R. 

N. 

N 

1... 

..7.. "6.67 

~84 

"8.16 

124 

"126 

""69" 

""97"" 

22785" 

319 

16.01 

287 

12.19 

273 

297 

2... 

4.93 

83  12.69 

128 

4  74 

81 

97 

28.41 

314 

14.94 

264 

6.12 

194 

267 

3... 

5.65 

82 

6.15 

116 

6.07 

97 

94 

26.26 

260 

1115 

242 

9.84 

155 

226 

4... 

6.61 

93 

6.81 

105 

6.88 

98 

92 

6.20 

190 

14  45 

238 

390 

165 

198 

5... 

8.62 

109 

9.26 

99 

3.18 

90 

96 

14.98 

169 

13.67 

227 

11»?7 

202 

194 

«... 

7.73 

121 

6.64 

84 

4.49 

92 

104 

!   16.81 

163 

9.97 

200 

220 

189 

7... 

9.74 

126 

2  79 

75 

865 

101 

107 

7.67 

140 

9.94 

171 

4.97 

213 

169 

8... 

7.96 

126 

7.55 

86 

4.65 

111 

108 

10.08 

117 

850 

140 

15.32 

203 

147 

9... 

9.00 

120 

737 

97 

6.78 

119 

107 

1    911 

97 

4.41 

108 

804 

158 

117 

10... 

7.03 

111 

7.16 

94 

6.61 

116 

103  1 

i    4  38 

69 

5.53 

84 

2.68 

86 

78 

n... 

8.12 

104 

6.04 

79 

3.86 

111 

97 

3  25 

42 

329 

62 

.30 

46 

49 

12... 

3.91 

115 

3.54 

67 

6.15 

117 

99 

1    1.46 

23 

1.66 

44 

4.07 

37 

3;^ 

13... 

13.40 

138 

4.46 

72 

700 

129 

110 

.83 

11 

2  72 

31 

.30 

24 

20 

14... 

9.47 

148 

6.89 

91 

5.62 

148 

125 

1     .10 

5 

.16 

16 

.08 

8 

«.) 

15... 

9.65 

137 

7.84 

113 

9  60 

172 

138 

.17 

2 

.06 

5 

.05 

1 

3 

15... 

9.41 

113 
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daily  duties,  to  such  investigations  ;  but  the  field  is  so  I'Mge  that  I  would 
gladly  welcome  Uie  co-operation  of  all  who  may  feel  an  interest  in  studies 
that  promise  new  and  satisfactory  results  as  a  reward  for  diligent  labor. 

The  success  of  the  Signal  Service  Bureau*  hab  demonstrated  the  im- 
portance of  careful  attention  to  the  most  minute  indications  of  possible 
law,  and  the  influence  of  the  physical  geography  of  our  continent  upon 
the  weather  has  been  so  well  ascertained  that  we  may  reisonably  hope 
for  similar  success  from  a  like  careful  study  of  astronomical  influences. 
The  well-known  tendency  to  weekly  meteorological  cycles  has  never  been 
Attributed  to  any  more  obvious  or  probable  cause  than  lunar  modifications 
t>f  solar  action,  and  such  evidences  of  cyclical  uniformity  as  have  already 
rewarded  my  limited  researches,  encourage  me  to  hope  that  much  of  thv 
Apparent  discordance  and  supposed  accidental  irregularity,  by  which 
meteorologists  are  still  perplexed)  will  be  finally  shown,  by  broad  general  i- 


TABL.E  II. 
Corre»pondent  Rainfullt  ut  San  Francisco,  in  Lunfr  and  Solar  periods^ 


«"  LUNAR  MONTHLY.  BOLAB  YEARLY. 

V-  •!•  r— — -»■  ■     ^  ■  ...^  I  j      ,— -* ■  ..   ■   ^ 

2  b:  i841?-6r  •  1857-^   18a4-72  Av.  j   184^57   1857-«4  1864-72  AV. 

fcO  H.  ''N.  H.  N.   R.  N.  N.  R.  N.   r!  N?   R.  N?  N, 

l....~...  6.32   88  7.15  103  6.07  ~  99  97  i   16798  266T6.77  291  17.40  328  297 

2 6.13   89  7.76  103  6.59  98  97  14.01  233  17.71  285  17.75  282  287 

3 6.20   94  1.87  82  9.05  101  94  |  |   12.98  184  16.63  239  22.64  253  226 

4 6.86   94  4.22  SI  5.79  98  92  ,  !    6.03  159  8.43  198  10.09  232  198 

* 4.27   89  6.60  102  6.82  98  96  9.87  187  11.60  174  19.16  217  194 

6 5.73   91  7.63  119  8.17  103  104  '   20.62  218  6.76  158  13.97  188  189 

7 6.53   97  6.83  118  6.88  109  107  u    8.63  200  6.20  172  8.75  140  16t» 

^ 6.18   98  4.44  114  9.28  113  108  I   11.28  164  17.47  185  6.15  104  147 

9 5.82   94  7.71  123  7.98  108  107  'A        7.55  135  6.62  140  8.39  83  117 

10 6.40   92  7.28  129  7.14  93  103  'l    7.64  104  1.64  78  3.31  54  78 

11 6.03   94  7.18  119  4.64  83  97  2.95  72  3.62  54   .27  26  49 

12 6.79  100  4.81  102  6.13  96  99  ;  |    3.48  44  2.67  46   .94  16  33 

13 •  7.22  111  4.55  99  11.21  118  110  L  .62  21  1.41  28  1.82  14  20 

14 6.78  129  6.10  116  8.92  129  126  .03  7   .20  11   .11  9  9 

16 7.61  147  3.69  139  2.67  128  138  i     .05  2  '  .06  3   .18  3  3 

16 10.43  141  10.17  140  11.02  122  134  !]     .12  1   .02  2    —  1  1 

17 6.32  118  4.29  116  6.25  111  115  !  |     .00  1   .21  2   —  0  1 

18 3.49  118  5.84  92  7.27  105  105  .02  0       .06  2        —  0  1 

19 13.68  134  3.60  77  9.10  100  104  i           .01  1       .06  1        —  1  1 

!20 6.29  126  3.46  69  4.84  90  96  i           .00  4       .07  1       .21  2  2 

21 5.93  101  3.83  70  6.33  82  86  j           .62  9       .12  1       .20  2  4 

22 6.73      84  3.20  81  6.39  84  83  1.14  13       .03  2       .09  3  6 

28 3.94      76  7.22  94  6.83  87  86  .09  21       .03  10      .34  5  12 

24 4.08      82  3.55  99  6.92  86  88  ,  3.37  35     1.16  28      .40  11  24 

26 7.40      95  6.94  98  4.36  78  89  1.49  60     3.10  58    1.36  26  47 

26 6.68      94  4.6.3  90  6.83  76  86  !         6.33  103     4.60  92    3.57  68  83 

27 3.97      80  3.56  83  6.64  81  81  11.26  140     7.62  124    5.18  112  125 

28 4.07      74  5.20  80  4.98  98  85  i         8.32  163     6.97  158  16.66  192  172 

29 6.24      82  4.30  77  11.74  115  93  1         9.69  203  11.03  202  12.96  289  235 

>30 :  6.14      88  2.46  84  7.73  112  96  ,  |       20.09  254  13.36  254  39.21  349  290 


*  Captain  Toynbee's  recent  discussion,  for  the  British  Meteorological  Committee, '  *  of  the  me- 
teoroloffy  of  the  part  of  the  Atlantic  lying  north  of  30*'  N. ,  for  the  eleven  days  ending  8th  Feb- 
ruary, 1870,"  gives  very  flattering  evidence  of  the  estimation  in  which  this  success  is  held 
•nbroad.  On  page  164,  he  says :  '  *  This  paper  only  deals  with  eleven  days  of  rather  exceptional 
weather,  when  a  southerly  wind  prevailed  on  our  coasts.  It  can  only  be  considered  as  a  first 
attempt  at  the  style  of  work  which  is  needed  to  connect  the  excellent  observations  now  beinR 
4a,ken  in  America  with  those  in  Europe. 
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zations,  to  be  as  completely  subject  to  ascertainable  laws  as  are  the  mo- 
tions of  the  heavenly  bodies. 

About  a  year  ago,  I  showed,  by  my  discussions  of  the  Lisbon  rainfall 
{ante  pp.  178-190),  that  it  is  possible,  under  favorable  circumstances,  to 
obtain  satisfactory  evidence  of  lunar  influence  upon  the  weather,  even 
from  a  comparison  of  the  rainfall  in  different  cycles  of  less  than  six 
years'  average  duration.  My  subsequent  discussion  of  the  monthly 
means  of  Tennent's  San  Francisco  observations  (Journal  of  the  Franklin 
Institute,  IxiiL  204r-6),  led  me  to  hazard  certain  predictions  relative  to  the 
tidal  rains  on  the  opposite  shores  of  continents,  and  the  influence  of 
opposite  winds,  or  of  upper  and  lower  tidal  currents.  Mr.  Tennent  has 
generously  furnished  me  a  copy  of  his  daily  observations  on  the  rainfall, 
which  so  fully  corroborate  the  flrst  and  third  of  those  predictions,  that  I 
hope  to  obtain  from  him  an  equally  complete  record  of  the  direction  of 
the  wind,  in  order  to  have  the  requisite  data  for  similarly  testing  the 
other  two.  Governor  Rawson  W.  Rawson,  C.  B.,  has  also  kindly  con- 
sented to  provide  me  with  a  transcript  of  observations  at  Barbados,  a  sta- 
tion within  the  belt  of  the  trade  winds,  and,  therefore,  favorably  situated 
for  such  comparisons  with  the  San  Francisco  observations  as  may  serve 

TABLE    III. 
^  Normai*  of  Rainfall  in  Synodic  yeart  of  Jupiter. 
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to  strengthen  the  inferences  which  I  have  already  published,  and,  per- 
haps, supply  additional  data  of  a  novel  character. 

The  accompanying  tables  and  curves  are  constructed  on  the  same  plan 
as  those  in  my  previous  meteorological  papers.  The  scale  and  the  degree 
of  smoothing  by  successive  means  are  uniform ;  the  comparative  influ- 
ence of  the  sun,  moon  and  Jupiter  can,  therefore,  be  readily  seen  at  a 
glance.  The  vertical  lines  (0  to  7)  in  each  set  of  diagrams  indicate  the 
mean  hour  at  which  the  moon  or  planet  is  on  the  meridian,  as  follows  : 

0  12M.  2    6  P.M.  4    12  P.M.  6    6  A.M. 

1  SP.  M.        3    9  P.M.  5    3  A.M.  7    9  A.  M. 

The  tidal  influence,  therefore,  co-operates  with  the  maximum  direct 
solar  influence,  in  the  atmosphere  as  a  whole,  and  especially  in  the 
upper  currents,  at  0  and  4 ;  in  the  lower  atmosphere  and  with  the  surface 
winds,  at  2  and  6.  The  positions  of  Newton's  theoretical  high  tides 
(Principia,  B.  I.,  Prop.  66,  Cor.  20)  are  at  1  and  5  ;  the  low  tides  at  3  and  7. 
My  theoretical  low  barometer  is  synchronous  with  Newton's  high  tide  ; 
high  barometer,  with  low  tide. 

The  moon's  influence  is  most  marked  in  the  heavy  rains  (a)  ;  least,  in 
the  frequency  of  rainfall  (^).  The  principal  maximum  both  in  frequency 
and  amount,  is  near  the  time  of  full  moon,  when  the  local  atmospheric 

TABLE  IV. 
Number  of  Rainfalls^  and  anumntt  of  heavy  raina  {one  inch  or  fiM>re),  at  San  Francisco, 

on  Lunar  days. 
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oscillations  from  lunar  influenee  are  most  antagonistic  to  solar  action  ; 
the  principal  minimum,  near  the  time  of  new  moon,  when  the  oscUlations* 
tend  most  strongly  to  reinforce  solar  action.  These  laws  have  such  gen- 
erality, that,  at  every  station  which  I  have  hitherto  examined,  their  infiu> 
ence  is  distinctly  traceable. 

Next  in  importance  to  the  moon's  modification  of  solar  meteorologie 
influence,  appears  to  be  its  modification  of  atmospheric  pressure.  I  first 
called  attention  to  the  importance  of  this  perturbation,  in  the  third  and 
seventh  inferences  of  my  paper  on  the  "tidal  rainfall  of  Philadelphia" 
(ante  vol.  x.  p.  531),  and  showed  that  at  Philadelphia  it  was  more  im- 
portant than  the  direct  and  simple  tidal  energy.  This  modification,  like 
the  foregoing,  is  also  traceable  in  all  my  previous  lunar  tables,  and  its 
prominence  in  the  San  Francisco  curves  (on  lines  1  and  5,  3  and  7,  in  diagram 
Y^  and  on  lines  5,  8  and  7,  in  a,  fi)  is  specially  noticeable. 

The  second  inference  in  the  paper  above  quoted,  that  the  tidal  rain- 
fall is,  ''like  the  ocean  tides,  more  marked  in  low,  than  in  high  lati- 
tudes," is  illustrated  by  diagrams  ^  and  d.  If  further  confirmation  is 
desired,  it  may  be  found  in  the  tables  accompanying  my  previous  dis- 
cussions of  different  European,  Asiatic  and  American  observations. 

My  first  prediction,  that  'Hhe  tidal  rainfall  will  generally  be  found 
more  strongly  marked  on  the  western  shores  of  the  several  continents, 
than  in  the  same  latitudes  on  the  eastern  shores,"  is  confirmed  by  the 
similarity  in  the  amounts  of  average  monthly  fiuctuation  at  San  Fran- 
cisco and  Lisbon,  and  the  smaller  fiuctuation  at  Pliiladelphia  (/9,  fJ), 
This  difference  should  of  course  be  greatly  modified  in  the  regions  of  the 
monsoons,  and  reversed  in  the  trade-wind  regions. 

My  third  prediction,  that  "a  certain  degree  of  apparent  opposition 
will  be  found  to  exist  between  the*  lunar  influence  upon  the  upper  and 
lower  cloud  strata,  dependent  upon  the  normal  difference  of  position  in 
the  tidal  crests  of  deep  and  shallow  fluid  envelopes,"  is  partially  verified 
by  the  tendency  to  maxima  at  quadrature  as  well  as  at  syzygy  (2  and  6, 
0and4,  a,  ^,  y).  The  syzygy  infiuence  before  new  moon  is  manifested 
by  the  maximum  after  high  barometer  (7),  but  it  is  interrupted  by  tlie 
lunar  intensification  of  solar  action  at  new  moon.  If  I  succeed  in  obtain- 
ing such  a  record  of  the  San  Francisco  winds  as  is  necessary  for  the  com- 
plete substantiation  of  the  second,  third  and  fourth  predictions,  I  shall 
expect  to  find  that  the  maxima  at  2  and  6  are  dependent  upon  the 
surface  winds ;  those  near  0  and  4  upon  the  upper  atmospheric  currents. 

I  still  feel  soiae  doubt  with  regard  to  the  certainty  and  character  of 
Jupiter's  influence  upon  the  weather,  but  the  amount  of  agreement  be- 
tween the  curves  for  three  independent  periods  of  eight,  seven  and  eight 
years  (C),  the  resemblance  between  the  curves  at  Lisbon  and  at  San  Fran. 
Cisco  (^),  when  the  origin  of  the  ordinates  is  taken  at  opposition  in  one 
case  and  at  conjunction  in  the  other,  and  the  character  of  the  contrast 
between  the  lunar  and  Jovian  curves  at  Lisbon  (ante,  p.  181),  all  tend  to 
impress  me  with  the  belief,  that  at  least  one  of  the  primary  planets  is 
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the  souree  of  important  meteorological  perturbations.  I  shall  not  be  sur- 
prised if  the  Barbados  records,  when  I  receive  them,  furnish  data  for 
settling  the  question  definitely  in  the  affirmative.  I  can  think  of  no  more 
probable  reason  for  the  opposition  between  the  Jovian  ounres  at  San 
Francisco  and  Lisbon,  than  the  opposite  directions  of  the  ocean  currents 
near  the  two  coasts. 

The  local  disturbances  are  evidently  greater  at  Ban  Francisco  than  at 
Lisbon,  but  in  spite  of  them  all  the  two  sets  of  lunar  curves  at  the  former 
station,  (c,  ^),  each  set  covering  three  entirely  distinct  and  independent 
periods,  exhibit  striking  points  of  similarity,  and  their  differences  are  no 
greater  than  might  have  reasonably  been  anticipated,  in  view  of  the 
variations  in  the  solar  curves  (e,  ft).  The  same  may  be  said  of  the 
monthly  curves  of  heavy  rainfaU  {6)  and  of  frequency  of  rain  (x)  in  dif- 
ferent periods. 

Interesting  special  resembhmoes  at  different  stations  are  shown  at 
Greenwich  and  Philadelphiay  in  Fig.  4,  arUe.  vol.  z.,  p.  635  ;  at  Philadel- 
phia, Lisbon  and  San  Francisco,  in  aU  the  lunar  curves  on  p.  182  and  in 
the  average  annual  rainfJEkU  at  Hiiladelpliia  on  p.  181  (Table  lY.)  of  the 
present  volume,  as  well  as  in  tbe  accompanying  curve  which  depicts  the 
frequeney  of  rain  at  San  Francisco  from  1849  to  1857  (;r)»  continuous  line,  )^ 
The  maxima  in  my  Philadelphia  annual  curve  are  somewhat  more 
strongly  marked  than  those  in  Schott's  diagram  (PI.  III.,  Tables  and  re- 
•ulis  of  the  precipitatian  f^e,,  in  the  U.  S,),  on  account  oi  the  different 
methods  employed  in  computing  the  ordinates.  Schott's  were  calculated 
from  the  monthly  means  (op.  cit.  p.  124),  mine  from  means  which  cover 
only  sV  o^  <^  je^r,  and  therefore  show  the  characteristic  features  of  the 
curve  more  minutely^  besides  being  better  suited  for  comparison  with 
the  thirty  ordinates  of  the  lunar  curve.  My  anticipations  (Jour,  of  the 
Franklin  Inst,  Ixiii,  205)  that  the  San  Francisco  ^' daily  records  may 
probably  furnish  materials  for  more  minute  and  detailed  profitable  inves- 
tigation," having  been  thus  satisfactorily  realized,  i  now  await  the  ar- 
rival of  the  Barbados  records,  with  the  expectation  that  their  discussion 
will  exhibit  evidences  of  lunar,  and  possibly  of  planetary  action,  analo- 
gous to  those  which  I  have  found  at  other  stations,  but  still  more  promi- 
nent and  more  decisive  than  any  that  have  ever  hitherto  been  published. 
If  there  are  any  observations,  extending  over  a  long  series  of  yeai*s,  near 
the  Qulf  of  Fonseca  or  on  the  Southwestern  coast  of  Peru,  I  think  they 
will  fumifi^  indications  of  the  special  importance  of  the  lunar  action  on 
the  barometric  pressure,  similar  to  those  which  I  have  found  at  Philadel- 
phia, but  that  snob,  indications  will  be  more  marked  on  the  Peruvian 
coast,  than  on  either  coast  oi  North  America. 

'Indications  of  a  general  fiaazlimim  near  full  moon,  with  a  dimintrtlon  at  the  precise  time  of 
solar  opposition,  are  to  be  found  in  the  majority  of  the  eurves  which  I  have  oompnted. 
They  afford,  as  I  think,  farther  confirmation  of  my  third  prediction.  The  surface  tidal  cur- 
rents have  their  greatest  Eastward  Telocity,  and  the  upper  atmosphere  has  its  greatest 
Westward  lapsing,  when  the  sun  is  on  the  upper  and  the  moon  on  the  lower  meridian.  The 
blending  of  currents  is  therefore  peculiarly  favorable  for  the  precipitation  of  moisture,  but  the 
intense  meridian  heat  appears  to  partially  counteract  the  precipitation  by  rv-eraponitiott. 
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EzFliANiMnOllS  OF  DIAGRAMS, 

Tbe  srersge  rainfall  in  each  figura  is  repvesented  by  the  brokei^  hori- 
zontal line.  The  lunar  omres  begm  and  end  with  the  day  of  new  moon ; 
the  solar  curyes  with  Jnraary  lat ;  the  Jupiter  curves,,  at  ooi^iinction  for 


San  Francisco,  at  cppositioQ  for  Lisbon.  The  vertical  lines  divide  each 
cycle  into  octants.  All  the  curves  are  for  San  Franciseo,  except  in  diar- 
grams  d  and  r. 
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Diagrams  of  rain  in  lunar  months, 

a.  Heavy  rainfall.    Table  IV. 

p.  Ayei*age  rainfall.     Tables  I,  II. 

y.  Frequency  of  rain.     Table  IV. 

<J.  Average  rain  at  Lisbon  ;  continuous  line. 

"  "    Philadelphia ;  broken  line. 

"  **    Surrey,  Eng.;  dotted  line. 

0.  Heavy  rains,  Table  IV. 

'<  1849-57 ;  continuous  line. 

**  1857-64 ;  broken  line. 

"  1864-72  ;  dotted  line. 

{.  Average  rains.    Table  I. 

Nov.-Dec. ;  continuous  line. 
Jan.-Feb. ;  broken  line. 
Mar.-Oct. ;  dotted  line. 

X.  Frequency  of  rains.    Table  IV. 
1849-^7 ;  continuous  line. 
1857-64 ;  broken  line. 
1864^72 ;  dotted  Une. 

A.  Average  rains.    Table  II. 
184^-^7 ;  continuous  line. 
1857-64 ;  broken  line. 
1864^72;  dotted  line. 

Diagrams  of  annual  rain, 

e.  Table  I. 

1849,  '52,  '55,  &c. ;  continuous  line. 

1850,  '58,  '56,  &c.;  broken  Une. 

1851,  '54,  '57,  &c.;  dotted  line. 

fi.  Table  11. 

1849-57 ;  continuous  line. 
1857-64 ;  broken  line. 
1864^72 ;  dotted  line. 

Rainfall  in  Synodic  years  of  Jupiter. 

C.  Table  IH. 

Nov.-Dec. :  continuous  line. 
Jan.-Feb. ;  broken  line. 
Mar.-Oct.;  dotted  line. 

,j.  Table  III. 

At  San  Francisco  ;  continuous  line. 
<'  Lisbon ;  broken  line. 
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a 

2 
i 


Day. 'July 


I 


1 

2 

S 

4 

6 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


w 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.01 

i 
.06; 

1.36 

.48 

.46 

.37 

.39 

.08 

1.22 

.28 

1.12 

.06 

.18 

.88! 

# 

.65; 

1.27 

1.28 

.79        .06 

.67 1 

1.27;   1.42 

.33 

1.21 

.76 

.18 

.12 

.10 

.32 

.81 

1.16 

.31 
.06 
.18 
2.08 
.66 
.39 

.16 

.17 

.07 
.95 
.92 
.62 

.48 

.67 

.77 

.13 

.27 

.83 

.34 

.74 

1 

1.10 

1.20 

June.  Tottil 


Sum 


I  I   3.14    8.66,     6.20;     8.34,     1.77!     4.63      0.46 


33.10 


s 


Day. 

July 

Aug  Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  Total 

i 

1 

2 

. 

.08 

.28 

3 

.18 

4 

.11 

.06 

6 

.18 

.02 

6 

.09 

.11 

7 

.22 

8 

.42 

1 

9 

.06 

10 

11 

.26 

' 

12 

.10 

' 

13 

1 

.36 

■ 

14 

.01; 

16 

.16! 

1 

16 

.13 

17 

.36 

4)Q 

18 

.04 

.23 

.68 

1 

19 

.47 

.40 

.04 

.06 

20 

.12 

.08 

.03 

1 

21 

.07 

.10 

.12 

.02 

, 

22 

.04 

.03 

1 

23 

.11 

24 

.02 

.13 

.03 

1 

26 

.22 

26 

.12 

27 

.38 

! 

28 

.13 

* 

.22 

i 

29 

.06 

.21 

30 

.12 

81 

; 

Sum 

0.33 

0.92 

1.06 

0.72 

0.54 

1.94 

1.28 

0.67 

1     7.40 
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•   Day.  JalyAng 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

ao 

21 


24 


20 
27 


31 


Sep.  Oct. 


.99 


.18 


.03 


Nov.  Dec. 


1.47 


.37 


.04 


.21 


'fT.' 


.35 
.25 


.14 

.06 

2.00 


Jan.    Feb, 


.06 


.02 


Mar.   Apr. 


.15 
.80 
.60 
.02 
.80 

1.20 
.76 

1.16 
.70 
.32 


.16        .03, 

.02        .04 

1.30, 


.26 


.30 


.IT 

.02 
.07 


May. 


.32 


June.  TotMl 

I 


Sum; 


1.03    021    2.12      7.10,     0.68|     0.14      6.681     0.26i     0.82 


18.44 


a 

0 


1       1       1 

Day.  July  Aug  Sep. 

Oct.  Nov. 
1 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Totol 

1 

.82 

2 

.06 

.02 

3 

- 

.19 

.02 

4 

.21 

.04 

5 

.20 

.69 

6 

.01 

7 

1.38 

8 

.81 

.14 

9 

.02 

10 

.20 

.02 

11 

.40 

.33 

.81 

.26 

12 

.03 

13 

.30 

.36 

14 

.80 

.52 

.18 

.76 

15 

.26 

.03 

.02 

16 

.20 

1.85 

17 

.20 

3.00 

1.74 

1 

18 

.62 

1.40 

19 

.05 

.07 

20 

.11 

m 

21 

1.10 

.21 

22 

.07 

.29 

23 

.12 

.78 

.15 

24 

.11 

.37 

.03 

26 

2.64 

.84 

26 

.27 

1 

27 

.25 

2.85 

.01.           1 

28 

.80 

.30 

.31 

.01 

.62 

.08' 

29 

1.16 

1.72 

.47 

.36^ 

30 

.04 

.76 

1 

81 

.05 

Sum 


I  I   0.80    6.31    13.20      3.92      1.42i     4.86      6.37      0.38! 


3&.» 
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Day. 'July  Auk  Sep. 

1      1      L 

Oct.  Nov. 

1          1 

Dec. 

1 

Jan. 

1 

Feb. 

Mar.  1  Apr. 

May.  June.  Total 

i 

1 

1 

1 

2 

.02 

1 

8 

.20: 

1 

4 

.05' 

.^2       .07' 

1 

' 

6 

.01' 

.51 

1 

1 

, 

• 

.16 

' 

i 

r 

8 

.    .01'            1 

•JS 

« 

.U 

.20 

.70 

.Oil 

g 

10 

.19      .02 

l.«6 

.52                    .03             1 

11 

1 

.12 

1       .201            1 

.03 

a 

12 

.02| 

.11 

.59 

1.06 

.07. 

' 

o 

13 

.08' 

.02 

1.22 

2.26 

■^ 

14 

.35' 

.27 

.50 

2 

15 

.11 

.29 

.29 

.20 

1 

16 

.22; 

.32 

1 

1 

17 

.10 

.02           1 

.03 

.05 

*-• 

18    1 

.14 

.16 

1 

' 

i 

1« 

.02 

.19 

.01        .181       .05 

.02' 

20 

.33 

.05 

.431 

^ 

21 

.91 

.25'            ! 

"3 

22 

.01 

.01 

1.10; 

1 

^   j 

>-i 

23 

.02 

.42 

.25        .02 

1 

24 

.02 

.55 

.42 

25 

.68 

.06 

.56 

26 

.49 

.48 

27 

.04 

1.26J 

28 

.12 

.13'                 1.72             1 

29 

.02 

1 

. 

80 

.04 

• 

31 

Sum' 

0.04!   0.23 

0.12!   2.28 1 

2.32 

■■- 
8.88 

8.04!     3.51|     3.121     0.02 

6.08    23.64 

Day. 

July 

1 
Aug  Sep. 

Oct.' Nov. 

1 

Dec. 

Jan. 

Feb.   Mar. 

1           1 

Apr* 

May. 

June.  Total 

1 

1.26 

1           1 

,       .09        .54 

.10 

2 

.01 

.02 

.32 

.34 

.03 

8 

.04 

.04 

.80 

.16 

4 

.18 

.15 

5 

.03 

.56 

•i 

• 

.08 

.10 

_ 

7 

.82 

;       .05 

.231 

•fH 

8 

.29 

.24 

.03 

a' 

9 

.22 

.17 

1      ■ 

S 

10 

.06 

.21 

.22 

.81 

11 

.38 

.06 

1 

12 

.20:       .17 

13 

.20; 

.04!       .50 

.30 

1 

H» 

14 

.93 

1.65 

1.15 

' 

5 

15 

.05 

.  1.05; 

^ 

16 
17 

.19 
.10' 

! 

^ 

18 

.82 

1 

if 

19 

.10 

TH 

20 

.25 

>f 

21 

1      1 

3 

22 

.IC 

)      .02 

.15, 

>^ 

23 

.31' 

.111 

1      1 

24     i 

.65' 

1 

25 

.22 

.25| 

1 

26 

.32 

1.29 

i 

' 

27 

.f)2 

.05 

1 

28 

1.85 

1 

29 

! 

, 

, 

30     ^ 

1     . 

1 

.1 

» 

1.21 

31     1 

_| 

.11 

,|       .(K 

»; 

1.20; 

, 

Sun 

i! 

0.0 

i!  0.1 

i,  2.41 

L    0.34 

0.81 

L|     8.6 

7l     4.77,     4.64!     5.001     1.88 

1 
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Day. 

July 

Ang 

Sep. 

Oct.  'nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April  May. 

Jane..  Total 

1 

1 

1 

.03 

2 

.82 

3 

.10 

* 

1 

4 

.07 

.03 

1 

6 

.17 

1 

6 

.30 

1 

1        8 

1.15 

.38 

1 

r.        9 

• 

1.05 

.211 

2     10 

.02 

'.23 

1.04 

.68, 

1 

g     11 

.72 

1.04i 

1 

a,       12 

.17' 

§       13 

.06 

.22 

1 

»?       14 

.06 

.67 

1.02 

o       15 

/ 

.20 

.32 

n    le 

§       17 

1 

»      18 

*r     1» 

.24 

.12 

.28 

i 

S      20 

.38 

.56 

.33 

! 

^     21 

.10 

.75 

.10 

.08 

9      22 

.21 

.10 

1.14 

.40 

•^      23 

.13 

.47 

1 

24 

26 

I 

! 

26 

.80 

1 

1 

27 

1.00 

; 

1 

28 

.08 

1.22 

.02 

.06 

1 

29 

1.08 

.10            1 

1 

30 

^ 

.08 

.66 

.20        .62 

' 

31 

.23 

1 

Sum 

0.67 

6.76 

9.40 

0.60 

1.60 

2.94 

0.76 

0.03 

21.66 

Day. 

July 

Aug 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April  1  May.  June.  Total 

1 

.13 

1           i 

2 

.16 

3 

.44 

4 

.21 

.37 

6 

.12 

.43 

►^        6 

.01 

S        7 

.31 

.16 

'^        8 

.03 

, 

A         9 

§       10 
«       11 

.02 

.07 

.02 

.06 

.28 

.06 

a      12 
^       13 

3     11 

.21 

.31 

' 

.53 

.01 

.04 

1.27 

.16 

.03 

1.30 

Sf      16 
S      17 

.02 

.06 

.24 

.84 

.08 

.20 

.46 

1.19 

1      18 

.10 

.04 

1 

€       19 

.04 

^      20 

.90 

t           ' 

>?      21 

.17 

.18 

»?       22 

.70 

.03 

^      23 

2 

.20 

24 

.08 

.2^" 

.24 

.87 

.29 

25 

1.17 

28 

.02 

.85 

27 

.20 

.46 

.86 

28 

.06 

.47 

29 

.32 

.08 

M 

90 

.48 

.02 

81 

1.39 

.13 

.06 

Sum 

0.02 

1  0.071  0.46 

2.79 

3.75 

2.46 

8.69 

1.62 

!     0.10      0.12   19.96 
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Day. 

JulylAng'sep. 

1         1 

Oct. 

Not. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Total 

1 

.42 

2 

.10 

d 

.36 

4 

.88 

.16 

.27 

6 

.31 

.20 

i 

e 

.17 

.26 

7 

.44 

.03 

.03 

.72 

IH 

8 

.32; 

.14 

JS 

0 

1 

.22 

§ 

10 

.03 

.43 

.26 

n 

1.68 

.87 

g 

12 

.22 

.40 

.62 

0 

13 

.61 

.06 

•^ 

14 

.80 

i 

16 

.44 

16 

.41 

.17 

S 

17 

.26 

.04 

r-l 

18 

.06 

is" 

19 

[ 

.20 

.23 

^ 

20 

1 

.83 

.16 

.06 

>> 

21 

1 

' 

.66 

.06 

0 

22 

1.42 

ra 

23 
24 

i      ! 
i      1 

1 

1     .16 

.98 

.40 

26 

1     .49 

20 

.14 

.87 

27 

.17 

1.80 

28 

.02 

.04 

.60 

29 

.88 

1.66 

80 

.06 

81 

Sam 

0.06 

0.93 

3.01 

4.14 

4.36 

1.83 

6.66 

1.66 

0.34 

0.06 

21.81 

Day. 

July 

I 
Aug  Sep. 

i 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

"" 

Apr. 

May. 

June. 

Total 

1 

i 

.24 

.38 

2 

1 

1.07 

3 

.21 

4 

.07 

.29 

b 

.27 

6 

.16 

1 

7 

.08 

.20 

8 

' 

.64 

.20 

.13 

1 

9 
10 

I 

1.80 

.11 
.12 

.03 

9 

11 

1.02 

.62 

.02 

1 

12 

1 

.08 

.78 

13 

1          1 

.14 

f-J 

14 

1     .04 

.17 

s 

16 

1 

.34 

16 

.14 

s 

17 

1          1 

.06 

1.04 

iH 

18 

1 

s 

19 

.27 

20 

' 

.80 

.20 

.16 

>» 

21 

1 

2.06 

.14 

.06 

1.07 

2 

22 

.04 

.73 

.06 

•n 

23 

1 

.12 

.42 

.13 

.04 

24 

.26 

.64 

.34 

26 

.12 

26 

.12 

.04 

.28 

.08 

.03 

27 

.02 

1.04 

.06 

1.11 

.04 

28, 

.03 

.20 

.21 

.23 

29 

.03 

80 

.17 

.07 

81 

.04 

.86 

.09 

Smn 

0.06 

0.16 

2.74 

0.69 

6.14 

1.28 

6.32 

3.02 

0.27 

1.66 

22.22 
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SAN  FRANCISCO  RAINFAUl.. 


TJttiy»> 


Day.' July,  Aug  Sep.  Oct.  Nov.  Deo.  '  Jan.    Feb.  ,  Mar.  'Aprii  May.  June.  Total 

I        i        I        1        ■  I  I  I  I  I  ■  ! 


I 


1 

.08 

.40 

.49 

.12 

2 

!     .06 

.07 

v62 

d 

.02           !          ;     .36 

.24 

.05 

v43 

1 

4 

i          ,          1     .90 

.04 

l.«2 

.12 

1 

« 

:      -      1  .84 

.21 

.87 

.65 

! 

6 

' 

.56 

.03 

.<M 

.07 

7 

.22 

.60 

.04 

1 

8 

1 

ja 

.44 

0 

1     .92 

] 

10      : 

1          '          1     .80 

.13 

11 

1                          .13 

a? 

12 

.19 

.03 

13 

.43 

14 

1 

15 

.«3' 

.10 

16 

' 

.04 

.17 

• 

17     1 

1 

.07 

.If 

18 

.14 

.30 

19 

JW 

20 

21 

.14 

22 

]          j 

.23 

.08 

.89 

.85 

23 

.06 

.25 

31 

.11 

.28 

24 

.31 

.03 

.04 

26 

1.78 

.38 

.28 

26 

.51 

.21 

,06 

27 

.10 

.05 

28 

1 

.90 

.02 

29 

1 

.12 

.62 

1 

30 

1 

31 

1 

1     .03 

.69 

Sum 

0.02 

0.03 

0.05 

7.28 

1.67 

1.64 

1.60 

8.99 

3.U 

2.^86 

«.09 

22,27 

1 
DayJJuly 

Aug 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April 

May. 

June. 

Total 

1 

1 

.02 

.21 

1          i  ■ 

1          i 

2 

.16                        i 

JOl 

.16        .10             1 

.12 

1.03 

.03             1 

.08 

.49 

.04 

. 

.01 

.04 

.28 

§ 

.13 

.06 

j            1 

1 

.12 

10 

.21 

.02 

.14 

11 

.21 

.13 

2.02 

«> 

12 

.85 

.07 

.04 

§ 

13 

1 

•n 

14 

.37 

3 

16 

.28 

.08 

16 

.78 

17 

.04 

.04 

1 

«H 

18 

.26 

1^' 

19 

.17 

.27 

.14 

:^ 

20 

.08! 

.21 

.22 

.65 

>t 

21 

.16 

.21 

.25             : 

9 

22 

1 

.68 

1 

•n 

23 
24 
26 
26 
27 
28 
29 

.12 

.03 

.11      .02 

.04 

1.03 
.77 
.63 
.13 
.07 

.12 

.08 
.10 
•99 

.79 

.071       .17 
.04 
2.531 
.40' 
.04' 
.18j 

1 

! 

i 

30 

.10 

.03! 

81 

.23 

.1 

1           ; 

Sum!   0.21 

0.91    0.68 

6.16 

2.47 

3.72 

4  08|     0.61 

l.OO!     0.081   19.72 

Digitized  by 


Google 


isra.] 


537 


tTeimeiit 


SAN  FRANCISCO  RAIN-FALL. 


I  I  !  '  I 

Day.  July  Aug  Sept  Oot.  Nov..  D«o. 

I         I         I         I         I         I 


Jan.  {  Feb.  ,  Mar. 


April 


May.  Jane.  I  Total 


H 
s 

0 

a 
§ 
tf 


1 
2 
8 

4 
6 
« 
7 
8 
9 
10 
11 
12 
18 
U 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
20 
27 
28 
20 
80 
81 


I 


.08 


.06 

.70 

.11 
.18 

.02 
.66 

.07 

2.67 

.04 

.07 
.01 

1.02 

1.49 

.29 

.02 

1.06 

1.86 

.09 

57 

.18 

8.60 
X46 

.01 
.47 

.17 

1.26 

.67 

.01 

.08 

.74 

.18 

.11 

.29 

0.22 

.02 

.06 

.26 

.12 

.08 

.49 

.11 

.89 

.01 

2.46 

.12 

.22 

2.64 
.62 

.02 

.M 

.03 

1.06 

.66 

.72 

1.69 

.66 

1.00 

M 

2.09 
.80 
.84 
.83 

1.49 

.48 

2.02 

.88 

.00 

.28 

.17 

.04 

.88 

.07 

.08 

.70 

.76 

.20 

.84 

1.26 
.26 

.66 

.20 

Sum'          i          1  0.02i          1  4.10 

_9.64_2^' 

_7.63 

2.a0i     0.73 

0.74; 

0.05^ 

49.27 

Day.  .TulyAng 

Sept 

Oct.  JNov.j 

Dec    Jan. 

Feb. 

Mar. 

April 

May. 

Jane. 

Total 

1 

.27 

2 

.12 

.71 

.46 

.44 

SI    ? 

.11 

.16 

.02 

.06 

^        8 

.U 

.19 

i  ^S 

.08 

.19 

.16 

.16 

h  " 

.71 

.12 

o      1* 

.11 

.10 

2      16 

.88 

i  i? 

.40 

.82 

.68 

.16 

r,   18 

.12 

.47 

.19 

.14 

if     19 

.06 

.74 

.11 

.09 

^      20 

.82 

.80 

.66 

.24 

•a    21 

1.01 

.06 

.10 

.17 

.76 

^      28 

.14 

.06 

24 

.04 

26 

.97 

20 

.88 

.13 

27 

.04 

28 

20 

.09 

30 

.88 

.23 

81 

1 

.18 

Snml         1         1         1   0.40!   0.16 

2.861     8.08 

8.19 

2L06 

1.6l|     0.281           1  18.01 

▲.  p.  ••—VOL.  xn.— 3p 
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SAN  FBANOISOO  BA1N-FAL.L. 


[July  19, 


Day.  July 

1 

1 

Ang 

Seploot.JNov. 

Deo. 

Jan. 

Feb.    Mar. 

April  May.l  June.  Total 

i           1 

1 

j 

.01 

2 

.88 

.12 

8 

.36 

4 

.23 

6 

.89 

^         8 

5         8 

S     10 
*     11 

.16 

.06 

.01 

.06 

.02 

.10 

S       12 

.07 

§       18 

.27 

.01 

•^     U 

.87 

.11 

2       16 

.92 

.14 

.08 

•0       16 

§      IT 

.64 

• 

; 

.04 

.66 

"      18              ! 

.89 

«    !• 

"       20              1 

.08 

.02 

J£?     21 

1 

.87 

0       22 

"^       28 

1 

.62 

24 

^ 

1 

.00 

26 

20 

.08 

27 

.06 

28 

1 

.14 

29 

.87^ 

.09 

80 

i 

1 

.07 

81 

' 

1                  1 

.81' 

.18 

Sum' 

1 

1 

0.08 

1 

2,661 

1,80 

1.88 

1 

1.62| 

1.67 

0.78| 

1 

10.08 

1          1           1 
Day.  July  Aug.  Sep. 

Oct. 

Nov. 

D.O. 

1- 

1 
Feb. 

1 

Mar. 

April 

May. 

June. 

Total 

1 
1             1 

.61 

1 

2               1 

.83 

3 

.18 

.21 

4 

.03 

.88 

6 

.04 

6 

.92 

.08 

.21 

S        8 

.01 

.62 

"•        9 

.11 

5     10 

.01 

S     11 

^ 

1.06 

<D          12 

2.66 

.07 

g       18 

^      14 

.99 

.80 

.10 

o       16 
^      16 

.14 

.04 

.08 

.27 

.12 

i  17 

S       18 

.07 

.40 

.46 

^      19 

.24        .08! 

.18 

S       20 

►*      21 

•S       22 

.11 

^       23 

.03 

.06 

.38 

24 

.07 

.02 

.07 

26 

.48 

.47 

.88 

26 

.06 

8.98 

.81 

.88 

27 

.06 

.42 

.74 

.06 

28 

.44 

.02 

.01 

.06 

29 

.60 

..04 

80 

.67 

.30 

31 

.62 

1.60 

Sum 

0.2li  0.01 

o.ia 

6.68 

8.91 

6.14 

I.34I  0.74  1 

0.94 

0.63 

24.78 
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SAN  FRANOISOO  RAINFALL. 


tTennent. 


Day. 

July 

Aug 

Sept 

Oct. 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  .Tune. 

Totnl 

1 

.01 

.36 

1 

2 

.01 

.16 

8 

.43 

4 

.19 

6 

.80 

.22 

.02 

tei 

6 

.19 

.21 

1 

7 

.03 

.41 

8 

.07 

.04 

1.51 

.66 

.04 

.cT 

9 

.16 

.30 

M 

10 

.40 

11 

.46 

12 

.60 

.06 

0 

13 

.18 

,06 

.60 

•-J 

14 

.37 

2 

15 

1 

1 

16 

.07 

.23 

17 

1.03 

2.17 

.02 

18 

.27 

.211 

*£ 

19 

.08 

.11 

.411 

' 

5 

20 

.08 

222 

.23 

' 

_^ 

21 

! 

.63 

1.14 

.06,            ' 

"3 

22 

1 

1.12 

.04 

.16 

.221       ; 

>^ 

23 
24 
25 

1 
i 

1 

.06 

.01 

.15 
.25 

.08 
.31 

.36 

1.051            1 

26  ;      1 

.18 

.02 

.01  i 

27 

.07 

.05! 

28 

.47 

.07 

29     , 

.02 

.12 

1 

30     1 

.15!     .40 

.11 

» 

81     1          1 

1 

.49 

1 

Sum 

"o!24 

0.26 

4.10 

0.58 

10.88 

2.12 

3.04 

0.12 

1.46 

0.04 

'  22.93 

Day. 

July 

Aug 

Sept 

Oct. 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Total 

1 

.53 

.17 

.82 

2 

.68 

.03 

.16 

.15 

8 

.25 

.13 

4 

.14 

.18 

5 

.31 

.65 

.40 

. 

6 

.07 

.61 

.15 

1 

7 

8 

.07 

.40 

^ 

8 

.02 

n 

10 

1 

.67 

11 

1 

.53 

.11 

.50 

a 

12 

1 

.01 

.75 

•15 

0 

13 

>-i 

14 

1 

.05 

2 

16 

.04' 

.68 

i 

16 

1 

.26 

•48 

17    1 

1 

.16 

rH 

18 

' 

.05 

.49 

tf 

19 

1 

.02 

4.28 

.23 

.16' 

rH 

20 

8.62 

.18 

2.12' 

^ 

21  ; 

.64 

.68 

2.22        .84 

"3 

22    1 

.81        .17 

.30 

23 

.40 

24 

.38 

.06        .36 

25 

.29 

.71 

.08. 

26 

.28 

.66        -78 

.14' 

27 

.32! 

1.02' 

28 

.63 

.68 

89 

.U 

.40 

, 

80 

.53 

.42 

.19 

.05 

31 

.80 

Sum, 

0.11 

3.35'   15.16!     5.16 

7.20 

1.58 

2.36 

84.92 
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SAN  FRANCISCO  BAINFAliL. 


[JnlyW, 


Day. 'July 

1 

Aug 

Sep. 

Oct. 

Not. 

Dec. 

Jan. 

Feb. 

Mar. 

April 

May. 

June. 

Total 

1 

•02 

.93 

.66 

.01 

2 

.18 

.33 

.20 

8 

.12 

1.66 

.10 

4 

1 

.16 

.66 

6 

.20;     .82 

0 

.76 

s 

7 

.16 

.06 

.20 

8 

.65 

.66 

9 

.24 

.38 

s 

10 

.83 

.30 

11 

.12 

.10 

.70 

s 

12 

.87 

.47 

.01 

.06 

S 

13 

1 

.43 

.66 

.06 

♦-> 

14 

.04 

.44 

.04 

s 

15 

1 

.14 

la 

1 

.04 

. 

k 

17 

I. 

1.62 

.12 

18 

I 

.69 

.41 

.02 

^ 

19 

.70 

.4d 

20 

.48 

.64 

.16 

>» 

21 

.76 

.84 

.64 

1.06 

a 

22 

1.68 

1.08 

.64 

.00 

.08 

♦-» 

23 
24 
26 
26 
27 
28 
28 
30 

.44 

.06 

.72 

.08 

136 

.06 
.21 

.99 
.84 
.36 
1.02 

.14 
.86 
.69 
1.61 
1.02 
.37 
.20 

.06 

.09 

81 

1.46 

1 

1 

Sum 

0.04 

0.20 

341 

10.60 

0.60 

6.13 

630 

231 

0.03 

0.23 

38  84 

Day.  1  July 

1 

Aug 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April 

May. 

June. 

ToUl 

1 

.06 

1.28 

2 

.08 

.63 

.44 

8 

.30 

4 

.01 

06 

.01 

6 

1 

6 

7 

.10 

.20 

.28 

8 

.82 

•f 

0 

.32 

10 

.01 

1.67 

11 

.07 

.16 

1 

12 

.06 

18 

.08 

••^ 

14 

.08 

.10 

.02 

s 

16 

•14 

S 

16 

.63 

.46 

17 

.06 

.66 

.69 

•rH 

18 

.30 

.66 

.18 

.68 

■g- 

10 

.64' 

.48 

.09 

.06 

20 

.67 

>» 

21 

.07 

e 

22 

.18 

.16 

.02 

•^ 

23 
24 
26 
26 
27 
28 
20 
80 
81 

.08 
.11 

1.20 

.    .29 

.47 

.92 

^18 
.82 
.10 

146 
.19 
.26 
.20 
.16 
.54 

1.10 
.25 

.01 
.10 

.16 

• 

Sum 

0.15 

1.18 

4.34 

6.36 

8.90 

3.14 

2.19 

0.08 

0.02 

21.35 
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SAN  FRANCISCO  RAINFALI^. 


[Tennent. 


Day. 

July 

Aug 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Total 

1 

.12 

2 

.48 

8 

.21 

.02 

4 

.09 

6 

0 

.14 

7 

.41 

8 

1.10 

.01 

9 

.41 

10 

.66 

.13 

.09 

.02 

.02 

11 

.20 

.14 

.11 

.14 

.16 

12 

.06 

.14 

.14 

.18 

.68 

13 

.06 

.36 

14 

.63 

.11 

15 

.81 

.34 

16 

.22 

17 

1.06 

18 

.02 

.76 

19 

.17 

1.03 

.08 

.18 

20 

.86 

.27 

.86 

21 

.74 

.26 

22 

.22 

;30 

.90 

23 

.46 

1.67 

.27 

24 

.61 

.10 

26 

1.34 

26 

27 

.04 

28 

.06 

29 

30 

.01 

31 

1 

1     1 

1 

Sum 

1 

0.12 

1   1.29 

i   1.19 

1     4.31 

3.89 

'     4.78 

2.00 

1.63 

0.20 

19.31 

Day. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 


SO 
81 


July 


Aug  Sep. 


Oct. 


Nov. 


Deo. 


Jan. 


Feb.    Mar. 


Apr. 


May. 'June.  Total 

I  I 


|.03 


.01 


.69 
.67 


1.42 
.12 


.09 
.27 


.42 
.82 


.21 

.78 


.62 


.44 


.26 


.01 


.06 
1.47 


.86 

.72  I 

1.02  I 

.28;       .13 

.29        .87 


.29 
.11 


.04 


.01 
.16 


Sum  I 


I  O.O3I 


O.43I     3.381     3.07      3.76      1.29      1.93      0.21 
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SAN  FRANCISCO  KAINFAUi. 


[July  19, 


Day.  1  July 

Aug 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April 

May. 

1 
June.  Total 

1 

1    1 

.02 

.14 

2    I 

.18 

.00 

3 

.19 

.86 

.14 

4 

.01 

.17 

.01 

6 

.17 

.50 

•    1 

.10 

S     7  1 

.18 

.33 

S         8 

2.35 

.89 

.11 

i     10   i 

.03 

.84 

.82 

.06 

.21 

S     11 

.11 

.28 

.33 

2      12 
s       13 

.02 

.13 

.05 

.02 

.02 

^       14 

.18 

.10 

2       16 

.22 

.24 

.85 

-       1« 

.29 

.43 

S    1' 

.01 ; 

.03 

.28 

.08 

2       18 

322 

.02 

^       19 

3.49 

.01 

5       20              1 

.62 

i:*    21   !       1 

.93 

.61 

0       22 

.32 

.44 

.02 

^     23    ;        1 

3.48 

.76 

24 

.02 

.36 

.41 

.03 

25 

1 

.16 

2S 

1 

1.67 

.15 

.16 

27 

.02,     .09 

.13 

.74 

.90 

.04 

.02 

28 

.93 

.23 

29 

1.04 

30 

.13 

.02 

31 

1.00 

.07 

.14 

.11 1 

Sum 

0.03 

0.11 

3.72 

16.74 

4.22 

6.97 

1.64,     l.iol     0.16      0.01 

34.70 

ON  THE  DENTITION  OF  METALOPHODON. 
By  EDWAJiD  D.  Cope. 

(Read  before  the  American  Philosophical  Society,  September  20,  1872.) 

This  discovery  of  a  second  species  allied  to  Bathmodon,  Cope,  repre- 
sented by  more  complete  remains  of  dentition  than  that  on  which  that 
genus  was  originally  established  {B,  radians),  renders  it  possible  to  en- 
large our  knowledge  of  its  characters. 

It  may  be  premised  that  the  new  species  may  belong  to  the  group 
Loxolophodon,  and,  as  its  characters  differ  from  those  of  the  large  species 
Eobasileus  cornutus,  furcatus  and  pressicornis,  I  must  retain  the  last 
named  genus  with  characters  ascribed  in  my  last  paper  to  the  former, 
.-•nd  withdraw  the  species  from  the  former,  to  which  I  at  that  time  re- 
ferred them.  It  appears  that  this  name,  used  first  for  a  section  of 
Bathmodon,  was,  perhaps,  based  on  mandibular  teeth  alone,  which  in' 
Metalophodon,  differ  remarkably  from  the  maxillaries.  The  cranium  of  the 
new  species  to  be  described  was  so  decayed  as  to  be  irrecoverable,  but 
the  teeth  obtained  were  in  place,  and  in  close  proximity,  so  that  there 
can  be  no  reasonable  doubt  that  they  belong  to  the  same  animal. 

The  species  differ  considerably  from  the  B,  radians.  The  most  promi- 
nent   are :    first,    the  failure    of  the  lateral  or  straight  limbs  of  the 
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crescent  of  the  tooth-crown  to  meet  at  the  apex,  in  the  molars  proper ; 
second,  the  presence  of  two  lobed  premolars  only,  the  three  lobed  found 
n  Bathmodon  not  being  represented  in  any  series.  The- first  character 
appears  to  me  to  be  of  generic  importance,  hence  the  name  applied  to  it 
at  the  head  of  this  article.  It  may  yet  prove  to  be  Loxolophodon,  as  no 
generic  character  distinguishes  the  inferior  molars  of  the  two.  It  remains 
however,  to  determine  whether  that  name  applies  to  Bathmodon,  or  a 
genus  different  from  it,  as  the  present.  In  the  meantime  the  new  species 
may  be  called  Metalophodon  armatus.  It  is  as  large  as  the  Indian 
RhinoceroSy  or  perhaps  larger. 

The  incisors  are  well  developed,  those  of  the  premaxillary  subequal  in 
size.  The  crown  has  a  convex  cutting  edge  and  flat  inner  face.  The 
outer  face  is  convex.  In  some  the  inner  face  is  more  concave,  and  is 
bounded  by  a  cingulum  next  the  root. 

The  premolars  present  a  single  external  crescent  of  acuminate  outline, 
and  a  smaller,  more  transverse  one,  within.  A  cingulum  bounds  the 
crown  fore  and  aft,  but  is  wanting  at  both  base  and  apex  of  the  trian- 
gular base.  In  the  more  posterior  the  crescent  is  more  open,  and  the 
crown  less  transverse. 

Tho  molars  present  an  increase  in  transverse  extent  of  the  external 
crescent,  and  the  interior  one  is  wanting.  In  the  posterior  two  the 
anterior  ridge  curves  round  at  the  apex,  but  is  separated  by  a  consider- 
able interruption  from  the  posterior.  The  latter  is  shortened,  and 
terminates  externally  in  a  conic  tubercle,  which  approaches  the  outer 
extremity  of  the  anterior  ridge.  In  the  last  molar  the  posterior  ridge 
is  shorter,  nearly  straight,  and  terminating  in  a  cone  at  each  extremity. 

The  canine  is  damaged,  but  was  of  large  size,  amounting  in  one  or 
the  other  of  the  jaws  to  a  tusk.  The  probably  superior  is  compressed, 
with  acute  edges.  The  inner  face  gently  convex,  the  outer  more  strongly 
so,  with  an  acute  ridge  on  its  anterior  convexity,  inclosing  an  open 
groove,  with  the  interior  cutting  edge.  This  surface  of  the  dentine  when 
exposed  has  a  transversely  wrinkled  character,  but  no  trace  of  engine- 
turning  in  the  fractures. 

In  the  mandible,  premolar  and  molar  teeth  are  recognizable ;  the 
character  of  the  incisors  remaining  uncertain.  As  usual  in  ungulates, 
they  possess  a  relatively  smaller  transverse  diameter  than  do  the  cor- 
responding teeth  of  the  maxillary.  They  change  very  materially  in 
form  from  the  front  to  the  terminus  of  the  series,  and  in  connection 
with  the  superior  molars,  are  veiy  instructive  as  to  the  genetic  connec- 
tion of  different  types  of  dentition. 

The  pecularity  of  the  premolars  consists  in  the  fact  that  besides  the 
single  external  crescent  exhibited  by  those  of  the  upper  jaw'  they  have 
a  rudimental  second  one  in  the  position  it  should  occupy  in  correspond- 
ing teeth  of  PalcBosyops.  The  inner  border  of  the  crown  is  convex,  and 
extends  from  apex  to  apex  of  the  crescents.  There  are  no  cingula  to 
these  teeth.     The  rudimental  crescent  diminishes  anteriorly,   its  angle 
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becoming  flrst  obtase,  and  then  disappearing.  Posteriorly  the  reverse 
process  takes  place,  and  proportions  increase.  But  in  the  last  molars 
they  do  not  assume  the  proportions  seen  in  PaloBotherium  and  allied 
forms.  They  increase  in  the  elevation  of  corresponding  ridges  of  the 
crescents,  and  decrease  in  the  others,  so  that  the  resultant  foi-m  is 
nearly  like  that  of  Dinotherium  or  perhaps  Lophiodon.  The  outer  ridge 
of  one  crescent  appears  as  a  cingulum,  which  sinks  to  the  base  of  the 
crown  from  the  apex.  This  is  rudimental  in  the  genera  just  mentioned. 
The  corresponding  bounding  ridge  of  the  other  ei*escent  is  reduced  to  a 
rudiment  extending  diagonally  across  the  valley  between  the  remaining 
crests,  as  is  seen  in  liot  a  few  genera  of  the  Eocene. 

We  have  thus  an  explanation  of  the  heretofore  obscure  question  as  to 
the  origin  of  the  crescent-bearing  tooth  of  the  Artiodactyles.  From  the 
two  ci'ested  type  of  Tapirus,  the  two-angled  form  developes  itself  by  the 
growth  of  the  cingulum  and  diagonal  crest  just  described.  This  is  seen 
completed  in  PalcBosyops.  The  elevation  of  the  ridges  and  deepening  of 
the  intervening  valleys,  would  result  in  the  ordinary  Ruminant  type. 
The  same  process  increasing  transverse  crests  only,  derives  the  Mastodont 
from  the  Tapiroid  ferm,  and  the  deepening  of  the  valleys  of  this,  again 
results  in  Elephas, 

In  comparison  with  Bathmodon  semicinctus,  Cope,  the  crowns  of  the 
premolars  are  of  similar  size,  but  considerably  less  elevated. 

The  measurements  cannot  be  given  with  exactitude,  but  are  approxi- 
mately as  follows  :  Superior  incisor  crown,  width.  75  inch ;  elevation  .60 
inch.  Canine  1.35  inches  from  apex,  inner  face  .75  inch.  Premolar 
length.  76,  width  1.1  inch.  Molar  length  crown  1.1  inch,  width  1.25  inch. 
Inferior  premolar,  length  of  crown  1  inch,  width  .75  inch.  Posterior  mo- 
lar, length  1.30  inch,  width  .9  inch.  The  crests  of  the  last  mentioned  are 
quite  elevated,  one  more  than  the  other ;  the  lower  with  a  strong  cingu- 
lum at  the  base,  which  rises  to  what  is  homologous  with  the  base  of  a  tri- 
angle, or  outwards ;  none  on  the  inner  aspect  of  the  base  of  the  crown. 
The  cingula  of  the  superior  molars  are  only  anterior  and  posterior. 

This  large  ungulate  was  found  in  a  stratum  below  those  of  the  Green 
River  Group  of  Hayden,  or  in  the  lower  beds  of  that  series,  near  Black 
Buttes,  Wyoming.  Obtained  by  the  Geological  Survey  under  direction  of 
Dr.  F.  V.  Hayden. 

In  a  line  of  banks  or  low  bluffs,  immediately  belgw  that  in  which  the 
Metalophodon  was  found,  dermal  scutes  of  a  small  crocodilian  are  abun- 
dant. The  discovery  of  the  greater  part  of  a  cranium  of  one  of  these 
enables  me  to  point  out  the  existence  of  a  species  of  Alligator  of  still 
smaller  size  than  the  smallest  of  the  Caimans  at  present  inhabiting 
South  America.  This  species,  which  I  call  Alligator  hbterodon, 
possess  several  peculiarities.  The  anterior  and  posterior  teeth  differ 
exceedingly  in  shape  ;  the  former  are  flattened,  sharp-edged,  and  slightly 
incurved  ;  the  edges  not  serrate.  Those  of  the  premaxillary  bone  are 
subequal  in  size,  while  one  behind  the  middle  of  the  maxillary  is  larger 
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than  the  rest.  The  posterior  teeth  have  short,  very  obtuse  crowns 
with  elliptic  fore  and  aft  outline.  They  resemble  some  forms  seen 
in  Pycnodont  iishes,  and  are  closely  striate  to  a  line  on  the  apex. 
The  upper  surface  of  the  cranium  is  pitted,  the  frontal  and  parietal  bones, 
with  large,  deep,  and  closely  placed  concavities.  The  former  is  per- 
fectly plane,  and  the  latter  is  wide.  The  squamosal  arch  is  also  wide, 
and  the  crotaphite  foramina  are  large  and  open.  The  dermal  scuta  are 
very  large  for  the  size  of  the  animal,  and  were  not  united  by  suture. 
They  are  keeUess,  and  deeply  pitted,  with  smooth  margins. 

The  vertebral  centra  found  with  other  specimens  are  round.    The 
coossified  neural  ardies  indicate  the  adult  age  of  the  animal. 

MEA8UB£MENTSw 

M. 

Height  crown  premaxillary  tooth 004 

Width        **  "  atbase 0035 

Long  diameter  crown  of  a  maxillary 005 

Short  "  "  '*  0035 

Width  parietal 00» 

^'^^'•^^ "  {^^^Si^v.v;;;;:::::  To 

Width  molar  below  eye 008 

The  variation  in  the  form  of  the  teeth  is  a  slight  exaggeration  of  that 
seen  in  the  dentition  of  various  species  of  croeodilians. 


Stated  Meeting,  Oct,  4th,  1872. 
Present,  20  members. 
Vice-President,  Mr.  Fbaley,  in  the  chair. 
A  letter,  accepting  membership,  was  received  from  the 
Rev.  8.  H.  Nichols,  dated  415  South  Fifteenth  Street,  Phil- 
adelphia, September  26th,  1872. 

An  engraved  portrait  of  William  Smith,  D.D.,  first  Pro- 
vost of  the  College  of  Philadelphia,  was  presented  by  Mr- 
Horace  W.  Smith. 

A  circular  letter,  announcing  the  death  of  Signor  Felice 
Finzi,  dated  Firenze,  4th  September,  1872,  was  received  from 
his  relatives. 

A  letter  of  envoy  and  acknowledgment  (Proc.  81  to  85) 

was  received  from  the  Geological  Society  of  St.  Petersburg. 

Donations  for  the  library  were  received  from  the  Revue 

Politique ;  the  Meteorological  Committee  of  the  London  R. 

A.  p.  8. — ^voL.  XII. — 8q 
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S.;  London  Nature,  Old  and  New ;  American  Academy  of 
Sciences;  American  Oriental  Society;  Prof.  O.  C.  Marsh  ;  M. 
Alph.  Loubat ;  the  Franklin  Institute;  Academy  of  Natural 
Sciences ;  Journal  of  Pharmacy  and  Penn  Monthly,  of  Phil- 
adelphia, and  the  Petroleum  Monthly. 

An  obituary  notice  of  Mr.  Eckfeldt,  by  Mr.  Dubois,  was 
read  by  appointment  by  Mr.  Patterson. 

The  death  of  Mr.  Ralph  Ingersoll,  of  Connecticut,  a  mem- 
ber of  this  Society,  August  25th,  aged  83,  was  announced  by 
the  Secretary. 

Mr.  Lyman  offered  for  publication  in  the  Transactions,  a 
paper  and  map  of  his  researches  into  the  geology  of  the  Sta- 
ley's  Creek  Coal  and  Iron  region  of  Virginia,  which  he  de- 
scribed summarily.  On  motion,  they  were  referred  to  a 
committee,  consisting  of  Prof.  J.  F.  Frazer,  Mr.  Lesley,  and 
Professor  P.  Frazer,  Jr. 

Pending  nominations,  Nos.  697  to  702,  were  read,  and 
new  nominations,  Nos.  703  to  705. 

On  motion,  the  West  Virginia  University,  at  Morgautown, 
was  ordered  to  be  placed  on  the  list  of  correspondents  to  re- 
ceive the  Proceedings. 

On  motion  of  Mr.  Price,  it  was  resolved  that  the  Curators 
be  authorized  to  deposit  the  arm-chair,  now  in  posession  of 
the  Society,  one  of  those  used  by  members  of  the  Continental 
Congress,  in  the  Hall  of  Independence :  provided  the  authori- 
ties of  the  City  of  Philadelphia  will  agree,  by  Ordinance,  to 
return  it  to  the  Society,  whenever  so  requested  by  it. 

Dr.  Elder  asked  and  received  permission  to  deposit  in  the 
Hall  of  the  Society  a  chair,  left  in  his  care  by  Mr.  Washing- 
ton, who  fell  at  Vicksburg ;  said  chair  having  been  occupied 
by  Judge  Bushrod  Washington,  presiding  in  the  Circuit 
Court  of  the  United  States. 

And  the  meeting  was  adjourned. 
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*   Obituary  Notice  of  Mr.  Jacob  R.  Eckpkldt. 
By  Mr.  Dubois. 
{Bead  before  the  American  Philosophical  Society,  Oct,  ^th,  1872.) 

Jacob  R.  Eckfeldt,  late  Assayer  of  the  Mint,  was  the  son  of  Adam  and 
Margaretta  Eckfeldt,  and  was  bom  in  Philadelphia  March  — ,  1803.  He 
was,  therefore,  in  his  seventieth  year,  at  the  time  of  decease,  August  9th, 
1872. 

He  early  developed  a  studious  mind,  and  a  fondness  for  solid  informa- 
tion, especially  in  the  domains  of  physical  and  mechanical  science.  He 
was  mainly  educated  at  the  classical  academy  of  Dr.  Wylie  and  Mr. 
Engles,  celebrated  in  those  days. 

When  he  was  grown  up,  and  old  enough  to  engage  in  business,  he  was 
placed  in  Mr.  Greiner's  Cotton  Mill,  at  Trenton,  as  a  subordinate  mana- 
ger, where  he  continued  for  several  years,  until  that  enterprise  proved 
unsuccessful.  After  that,  he  was  employed  by  Mr.  Cloud,  then  Melter  and 
Refiner  of  the  Mint,  to  attend  to  the  parting  room. 

In  tlie  Spring  of  1832,  Mr.  John  Richardson,  who  had  been  Assayer 
about  one  year,  and  did  not  find  the  employment  congenial  to  his  tastes 
(withal  a  man  of  good  parts  and  highly  esteemed),  infoiTned  Mr.  Eckfeldt 
that  he  intended  to  resign,  and  wished  him  to  prepare  to  take  the  place. 
Mr.  E.  shrank  from  this  responsibility  and  declined.  But  some  of  his 
friends  who  had  influence  with  President  Jackson  presented  his  name 
with  a  strong  recommendation  and  he  was  appointed  without  being 
asked  as  to  his  party  preferences.  This  occurred  on  the  30th  of  April, 
1832.    He  has  therefore  held  the  oflBce  over  forty  years. 

When  he  entered  upon  the  work,  he  had  to  encounterjsome  embarrass- 
ments. The  apparatus  was  old-fashioned,  and  not  calculated  for  nice 
results.  The  silver  assay  had  been  well  performed,  without  going  to  a 
close  figure,  for  many  years  ;  but  gold  was  little  known  in  the  country  or 
at  the  Mint,  and  it  is  not  surprising  that  its  assay  was  incorrectly  per- 
formed. Add  to  this,  there  was  the  coarse  and  cumbrous  nomenclature, 
brought  from  the  old  country,  of  carats  and  grains  for  gold  fineness,  and 
so  many  grains  to  the  pound  for  silver  fineness. 

Close  upon  all  this,  that  is  to  say,  in  June,  1834,  came  the  celebrated 
reduction  in  the  standards  of  our  gold  coin,  one  of  the  chief  measures  . 
of  the  Jaekson  administration.  This  changed  gold  from  a  curiosity  to  a 
currency ;  bullion  and  foreign  coin  flowed  to  the  mint,  and  accuracy  of 
assay  was  more  than  ever  needful.  Mr.  Eckfeldt  was  equal  to  the  emer- 
gency ;  and  resolutely  introduced  reforms,  which,  at  first,  made  the  older 
officers  stand  in  doubt.  At  this  crisis  he  was  taken  down  with  small-pox; 
and  shortly  after,  his  valued  foreman  also.     Both,  however,  recovered. 

In  those  days,  about  the  time  the  new  mint  edifice  on  Chestnut  street 
was  finishing,  Mr.  Peale  was  sent  to  London  and  Paris  to  observe  the 
methods  of  assaying  and  refining,  and  to  procure  a  new  apparatus.  We 
were  thus  supplied  with  French  beams,  weights,  and  cupel  furnaces,  and 


Digitized  by 


Google 


l>i»boi«.]  548  [Oct.  4. 

with  the  appliamces  of  Gay-Lussac's  hnmid  assay,  and  the  printed  details 
of  the  process.  Soon  after,  Mr.  Sazton,  famous  for  his  skill  in  construct- 
ing balances  and  other  delicate  instruments,  returned  from  a  long 
schooling  in  that  line  in  London,  and  was  employed  in  the  Mint.  Thus 
furnished,  Mr.  Eckfeldt  felt  himself  "set  up,"  and  able  to  compete  with 
the  foreign  assayers,  and  if  he  was  ever  more  precise,  it  was  because  he 
disregarded  cei*tain  allowances  which  had  become  a  time-honored  custom. 

A  large  importation  of  fine  gold  bars  from  France,  known  as  the 
French  Indemnity,  and  which  came  because  President  Jackson  declared 
he  "would  submit  to  nothing  that  was  wrong,"  gave  a  line  opportunity 
for  testing  and  comparing  foreign  assays ;  and  it  was  generally  found  that 
these  bars  were  somewhat  below  the  alleged  fineness.  Still  the  deficit 
was  inconsiderable ;  but  it  is  characteristic  of  French  gold  coin,  as  well 
as  bars. 

It  is  not  surprising,  that  he  felt  at  first  the  inconvenience  of  passing 
from  one  form  of  nomenclature  to  another,  though  to  a  better  one.  A 
friend  remarks,  "  I  recall  conversations  with  Mr.  Eckfeldt,  showing  how 
serously  he  felt  the  revolution.  He  would  think  in  carats,  and  report  in 
decimals.  And  I  often  recur  to  this  as  illustrating  the  kind  of  difficul- 
ties which  would  arise  incase  of  a  decimalizing  of  weights  and  measures." 

For  some  years  prior  to  1842,  Mr.  Eckfeldt  and  hjp  assistant^  in  addition 
to  their  ordinaiy  duties,  engaged  in  the  preparation  of  an  original  and 
comprehensive  work  on  the  Coins  of  all  Nations ;  on  the  Varieties  of 
Gold  and  Silver  Bullion ;  on  Counterfeit  Coins,  and  on  other  subjects 
related  thereto.  This  was  published  in  1842,  and  has  long  been  regarded 
as  a  standard  authority.  In  1850,  they  issued  a  supplementary  smaller 
work,   and  again  in  1852. 

As  the  United  States  increased  in^commerce,  wealth  and  population, 
the  Mint  of  course  increased  in  work.  In  particular,  Mexican  dollars 
came  in  great  quantities  for  recoinage.  Not  only  were  our  vaults  fuU, 
but  our  entries  and  corridors  were  at  times  crowded  with  rows  of  kegs. 
Every  day,  for  years,  we  had  the  constant  task  of  sixteen  melts  of  silver 
ingots  to  melt  and  assay ;  and  it  was  a  great  advantage  and  satisfaction  to 
be  supplied  with  the  humid  apparatus. 

The  success  of  gold  mining  in  our  Southern  States,  and  the  increasing 
commerce  of  New  Orleans,  gave  rise  to  the  establishment  of  three  branch 
mints  at  the  South,  in  1837 ;  and  it  devolved  upon  Mr.  Eckfeldt  to  become 
schoolmaster,  and  educate  the  three  assayers  appointed  for  those  places. 
The  same  had  to  be  done  again  at  a  later  date  for  other  mints  and  assay 


In  December,  1848,  came  the  first  lot  of  gold  grains  from  California ; 
and  with  the  opening  of  the  next  year  the  tide  set  in  most  powerfully. 
I  shall  not  here  speak  of  this  great  turning-point  in  metallic  currency 
any  further  than  as  it  affected  the  mint,  or  rather  the  labor  which  it  laid 
upon  Mr.  Eckfeldt  and  his  department.  As  is  well  known,  the  lots  were 
numerous,  and  the  aggregate  amount  was  enormous.    Instead  of  making 
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gold  assays  by  dozens,  we  had  to  go  through  with  hundreds,  every  day 
following  the  arrival  of  each  steamer.  We  procured  young  men  as  opera- 
tors in  the  weigh>room  and  additional  workmen  in  the  laboratory ;  and 
in  spite  of  all  the  help  we  were  all  overworked.  Here  let  me  say  that 
the  i>ersons  who  have  been  educated  by  Mr.  Eokfeldt  to  this  profession 
have  done  credit  to  the  selection  that  was  made,  not  only  by  skiU,  dili- 
gence, and  good  character  while  here,  but  wherever  they  are  now  scattered 
to  other  mints  and  assay  offices,  or  to  different  pursuits.  No  doubt  they 
receive  with  profound  sorrow  the  tidings  of  the  decease  of  their  instruc- 
tor. 

The  gold  pressure  continued  for  about  five  years,  when  it'  was  relieved 
by  the  creation  of  a  government  assay  office  in  New  York,  and  a  branch 
mint  at  San  Francisco.  But  directly  sequent  to  this  came  the  change 
of  standard  in  silver  coin,  causing  an  immense  recoinage  in  small  pieces. 
Thus  our  daily  assays  continued  to  count  by  himdreds.  This  lasted  for 
some  years.  When  it  began  to  slacken  off,  a  law  was  passed  for  calling 
in  the  large  copper  coins  and  issuing  in  their  stead  pieces  of  copper-nickel 
alloy  of  much  smaller  sizB. 

The  analysis  of  Nickel  alloys  was  not  well  laid  down  in  the  books,  and 
the  European  or  other  assays  which  came  with  purchased  lots  showed 
an  incorrect  determination.  Mr.  Eckfeldt  was  therefore  obliged  to  btudy 
out  and  perfect  this  assay,  which  is  more  tedious  and  laborious,  though 
of  less  consequence,  than  the  assay  of  the  precious  metals. 

But  it  was  his  habit  to  be  as  scrupulous  in  minor  matters  as  in  major ; 
and  after  the  routine  was  well  settled  it  went  on  with  the  same  clock- 
work regularity  as  the  other  branches  of  assaying.  I  need  not  say  that 
this  nickel  coinage  imposed  another  heavy  pressure  upon  the  mint  for 
years. 

After  this  came  the  substitution  of  the  Bronze  alloy ;  and  this  called 
for  another  process  of  assay,  and  brought  us  a  great  deal  of  work. 

I  thus  hastily  review  this  sequence  of  gold,  silver,  nickel,  and  bronze, 
not  only  as  an  interesting  part  of  Mint  History,  but  to  show  the  varied 
and  abundant  services  of  the  untiring,  energetic  Principal  Assayer,  and 
the  masterly  skill  with  which  he  met  every  obligation. 

His  nervous  system,  naturally  not  one  of  repose,  was  a  good  deal  im> 
paired  by  the  cares  and  labors  of  the  first  period  just  reviewed,  and  in 
1853  he  had  to  seek  relief  by  travelling  southward.  This  had  a  beneficial 
effect,  but  from  that  time  onward,  although  he  continued  to  be  very 
active,  there  was  a  marked  deterioration  of  health.  Early  in  the  Summer 
of  1870  he  had  a  serious  spell  of  illness,  in  which  an  affection  of  the 
heart  was  developed.  This,  by  degrees,  culminated  in  a  dropsical  state  of 
the  system,  and  on  the  26th  day  of  April,  1872,  he  was  at  the  mint  for 
the  last  time. 

I  would  not  undertake  to  define  his  various  traits  of  character,  pro- 
fessional or  personal ;  but  a  few  remarks  in  that  way  may  be  in  place. 

In  every  character  we  may  observe  apparent  or  real  opposites ;  and  in 
respect  to  Mr.  Eckfeldt,  there  were  two  notable  instances. 
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First,  he  was  not  ready  in  the  use  of  language.  There  was  wealth  of 
thought,  but  not  freedom  of  expression.  This  was  always  to  some  extent 
his  embarrassment.  If,  with  his  stores  of  general  and  scientific  know^ 
ledge,  he  had  aUo  possessed  the  powers  of  a  sjieaker  or  writer,  he  would 
have  made  a  larger  impression.  And  yet  he  was  communicative  and 
sociable  habitually-  In  his  daily  rides  in  the  car,  part-way  to  his  house  in 
the  country,  he  was  glad  to  find  those  with  whom  he  could  converse  along 
the  road.  This  is  only  an  instance  of  his  social  temper,  at  home  and 
abroad. 

Again,  it  cannot  be  said  that  he  made  what  might  be  considered  in- 
ventions or  discoveries  of  new  processes.  Inventors  are  really  few ;  and 
they  are  generally  much  indebted  to  those  who  come  after  them  and  im- 
prove upon  them.  And  yet  his  skill  and  success  as  an  Assayer  and 
Analyst  largely  consisted  in  his  power  of  finding  out  what  was  defective 
or  erroneous,  and  in  applying  the  proper  remedy.  It  often  seemed  that 
what  was  a  puzzle  to  others  was  to  him  a  matter  of  quick  insight. 

In  the  assays  of  certain  complex  alloys,  and  of  low  grades  of  gold  and 
silver,  he  contrived  various  methods  which  are  not  in  print,  but  which 
are  of  great  use  in  the  daily  manipulations. 

And  here  I  may  state  that  he  not  only  introduced  great  accuracy  and 
precision  in  the  assays;  but  carried  special  investigations  to  a  delicacy 
almost  incredible.  This  was  partly  to  be  credited  to  the  progressive  im- 
provement in  assay  balances,  by  which,  after  discarding  the  old  silken 
cords,  we  had  Deleuirs  beam  with  steel  stirrups;  then  Saxton's  palladium 
beam  with  drop  supports,  then  the  more  sensitive  and  more  complicated 
Oertling,  and  at  last  the  simple  and  complete  Becker.  So  that,  instead 
of  weighing  to  a  thousandth  of  the  normal  weight  as  formerly,  we  now 
have  indications  to  the  tenth  of  a  thousandth,  or  even  less. 

If,  therefore,  curiosity  or  the  promotion  of  science  led  him  to  inquire 
how  much  or  rather  how  little  silver  there  was  in  a  certain  kind  of  lead 
or  gold  in  an  ordinary  brick  or  pile  of  gravel,  he  would  begin  with  a 
pretty  large  sample,  then  carefully  concentrate  the  precious  metals,  if 
any,  and  finally  bring  his  visible  speck  to  the  balance,  to  determine  a 
proportion  in  millionth  parts.  Only  lately  he  found  in  a  bar  of  Spanish 
lead,  which  is  remarkably  free  from  silver,  the  amount  of  one-third  of  an 
ounce  of  silver,  in  a  ton  of  lead, — and  much  interest  was  excited  by  a 
publication  some  years  ago,  both  in  this  country  and  across  the  Atlantic, 
of  his  experiment  upon  the  brick-clay  which  underlies  our  city.  Taking 
two  samples  from  the  center  of  the  town  and  the  suburbs  he  found  they 
contained  gold  at  the  rate  of  nearly  12  grains  (say  fifty  cents),  to  the  ton 
of  clay  in  its  ordinary  moisture.  Other  experiments  went  to  prove  the 
very  general  diffusion  of  gold,  in  infinitesimal  proportions. 

.  Some  analysts,  through  want  of  exactitude,  or  for  the  pleasure  of 
making  a  sensation,  may  produce  very  curious  results ;  but  Mr.  Eckfeldt 
was  conscientious,  I  may  say,  nervously  scrupulous,  about  stating  any- 
thing he  was  not  sure  of.    Partly  for  that  reason,  partly  for  the  veiy  love 
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of  work,  be  was  laborious  to  a  fault,  aU  bis  life  long.  It  can  bardlj  be 
said  to  bave  sbortened  bis  days,  for  be  well  nigb  attained  to  tbe  limit  and 
double  tbe  average  of  buman  life. 

Altbougb  be  did  not  take  tbe  same  interest  in  rare  and  curious  coins 
tbat  bis  fatber  did,  and  was  not  a  student  of  numismatics,  yet  be  bad  a 
cultivated  taste  in  tbis  way,  and  a  fine  appreciation  of  tbe  principles  and 
art  by  wbicb  a  perfect  piece  is  made. 

He  was  baptized  and  confirmed  in  tbe  Lutberan  Oburcb,  and  afterwards 
united  witb  tbe  Presbyterian  Cburcb  in  Nintb  St.,  near  bisfatber's  bouse. 
He  was  soon  elected  to  tbe  Eldersbip,  and  be  was  no  bonorary  or  nominal 
Elder,  but  fulfilled  tbe  duties  of  tbe  office,  and  was  valued  for  bis  solid 
judgment.  He  was  moreover  active  in  tbe  Sunday-scbool,  tbe  Bible 
Society,  and  otber  modes  of  benevolent  operation.  Some  years  after  be 
became  a  member  and  elder  in  tbe  Arcb  street  Cburcb ;  and  since  bis 
residence  in  tbe  country  bas  belonged  to  Marple  Cburcb,  in  Delaware 
county. 

He  was  elected  a  member  of  tbis  Society  in  January,  1843. 

He  was  a  man  of  feeling,  as  well  as  of  principle ;  affectionate,  as  well 
as  exact.  He  made  new  friends  and  cberisbt^d  old  ones.  Tbis  disposition 
even  increased  witb  bis  years,  and  was  not-diminisbed  wbenbis  mind  bad 
lost  its  power.  Tbere  were  many  proofs  of  tbis,  wbicb  may  not  bere  be 
repeated.  But  tbe  writer  may  be  excused  for  stating  an  instance  in  bis 
own  experience.  As  be  stood  by  tbe  bedside,  one  of  tbe  family  asked 
Mr.  Eckfeldt  if  be  knew  wbo  it  was.  Tbe  very  question  started  an  agi- 
tation wbicb  was  almost  convulsive,  and  witb  extreme  difficulty  be  said, 

"Do— you — suppose —  Do— you — suppose "  and  could  say  no  more. 

But  it  was  easy  to  supply  tbe  rest.  **  Do  you  suppose  I  sbould  not  know 
bim,  baving  been  witb  bim  for  tbirty-nine  years?'* 

In  barmony  witb  bis  religious  sentiments  be  was  a  man  of  pure  speecb, 
of  uprigbt  dealing,  of  modest  demeanor,  of  benevolent  beart,  and  of 
patriotic  spirit.  How  could  any  one  fail  to  recognize  tbe  advantage  of 
daily  association  for  many  years  witb  sucb  a  man  ? 

I  sball  venture  only  one  line  as  to  a  kind  of  dying  testimony  wbicb  we 
all  value.  In  tbe  few  last  weeks  bis  mind  was  mucb  clouded,  and  bis 
speecb  nearly  cut  off,  by  tbe  force  of  disease.  Yet  in  a  clear  interval  be 
was  overbeard  to  express  bis  unreserved  self-dedication  to  bis  Lord  and 
Saviour. 

Tbe  concluding  remark  may  be  offered  tbat  tbe  Mint  bas  sustained  a 
great  loss  in  losing  so  mucb  skill,  so  mucb  experience,  so  mucb  exacts 
ness,  sucb  probity,  and  superiority  to  reproacb,  as  were  concentered  in 
tbis  one  man.  We  cberisb  tbe  remembrance  of  bis  name  and  services 
wbicb  imparl  dignity  and  cbaracter  to  tbe  bistory  of  tbis  Institution. 

Immediately  after  tbe  fact  of  bis  decease  meetings  were  beld  at  tbe 
Mint  in  Pbiladelpbia  and  at  tbe  brancb  Mint  in  San  Francisco,  at  wbicb 
addresses  were  made  by  tbe  present  director  of  tbe  Mint  and  two  former 
directors,  and  otber  gentlemen,  expressive  of  strong  regard  and  esteem 
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both  official  and  perscmal ;  and  resolutions  of  the  same  tenor  were  unani- 
mously adopted  by  the  officers  and  workmen. 

To  this  I  will  only  add  in  conclusion,  the  unsought  testimony,  just  re- 
ceived, of  a  gentleman  who,  after  a  service  of  fifty  ydars  in  the  Royal 
Mint  at  London,  lately  retired  from  the  post  of  Queen's  Assayer,  which 
he  had  filled  with  great  ability, 

''I  have  to  express  my  unfeigned  regret  at  this  loss  to  science,  and 
especially  our  branch  of  it,  I  was  not  personally  known  to  Mr.  Eckfeldt; 
but  I  can  say,  his  name  and  his  works  will  live  forever  in  the  wide  world. 

I  sympathize  in  the  loss  his  relations  will  have  to  sustain," 


Stated  Meeting^  Oct  18/*,  1872. 

Present,  17  members. 

Dr.  Emerson  in  the  chair. 

Dr.  Agnew  and  Mr.  Ooleman  Sellers,  newly  elected  mem- 
bers, were  introduced  to  the  presiding  officer,  and  took  their 
seats. 

Letters  accepting  membership  were  received  from  Mr. 
Coleman  Sellers,  dated  Philadelphia,  October  12th,  and  from 
Dr.  R.  J.  Levis,  dated  Arch  and  Thirteenth  Streets,  Phila- 
delphia, October  14th,  1872. 

A  letter  of  envoy  was  received  from  the  Imperial  Acad- 
emy at  Vienna,  dated  May  8th,  1872. 

Letters  acknowledging  the  receipt  of  publications  were 
received  from  the  Asiatic  Society  of  Bengal,  June  15th, 
1872  (83  to  85,  XIV.  i.);  the  Imp.  Academy,  Vienna,  Novem- 
ber 7th,  1871  (83, 85,  86,  XIV.  i,  ii.);  the  Zoological  Society, 
London,  87  Hanover  Square,  September  30th,  1872  (83  to  88, 
XIV.  i.  and  iii.);  the  Royal  Soc.  Edinburgh,  March  18th,  1872 
(82);  the  Lyceum  of  K  H.,  New  York,  Oitober  7th,  1872,(88). 
the  University  of  Virginia,  October  7th,  1872  (88);  the 
American  Academy,  Boston,  October  8th,  1872  (88) ;  the 
Maryland.  Historical  Society,  Baltimore,  October  7th,  1872 
<88) ;  the  University  of  the  City  of  Ifew  York,  October 
10th,  1872  (88) ;  the  New  Jersey  Historical  Society,  Newark, 
October  8th,  1872  (88) ;  the  Maine  Historical  Society  (88), 
announcing  also  the  decease  of  Mr.  Ballard ;  the  Essex  Insti- 
tute, Salem,  October  11th,  1872  (88) ;  and  the  Georgia  His- 
torical Society,  Savannah,  October  9th,  1872  (88). 
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Donations  to  the  library  were  received  from  the  Acade- 
mies at  St.  Petersburg,  Vienna,  Brussels  and  Boston  ;  the 
Observatories  of  Dorpat  and  Montsouris ;  the  Societies  at 
Qorlitz,  St.  Gall,  Frankfort,  Falmouth  and  Edinburgh ;  the 
Italian  Geological  Committee  at  Florence;  the  Geographical 
Antiquarian  and  Anthropological  Societies,  and  M.  Delesse, 
at  Paris;  the  Meteorological,  Geographical,  Chemical,  Geo- 
logical and  Zoological  Societies,  at  London  ;  the  Revue  Pol- 
itique and  Nature ;  the  Peabody  Museum,  at  Boston ;  Silli- 
man's  Journal ;  the  American  Chemist ;  the  American  Jour- 
nal of  Medical  Sciences  and  Medical  News ;  the  American 
Journal  of  Pharmacy  ;  Dr.  Gross,  of  Philadelphia ;  Penn 
Monthly;  and  the  Smithsonian  Institution. 

The  death  of  Prof.  John  F.  Frazer,  a  member  of  the  So- 
ciety, at  the  University,  on  Saturday,  October  12th,  in  the 
6l8t  year  of  his  age,  was  announced  by  Professor  Kendall.. 
On  motion.  Dr.  LeConte  was  appointed  to  prepare  an  obitu-* 
ary  notice  of  the  deceased. 

A  paper  for  publication  in  the  Transactions  was  presented, 
entitled,  "  On  the  Physical  geography  and  geology  of  the  is- 
land of  Santo  Domingo,  with  a  map  and  four  sheets  of  sec* 
tions,  by  W.  M.  Gabb." 

On  motion,  it  was  referred  to  a  committee,  consisting  of 
Prof.  Lesley,  Dr.  Leidy  and  Prof.  P.  E.  Chase. 

Communications  were  received  from  Prof.  Cope,  on  a  new 
Vertebrate  Genus  from  the  northern  part  of  the  Tertiary 
Basin  of  Green  River,  and  descriptions  of  new  Extinct  Rep- 
tiles from  the  Upper  Green  River  Eocene  Basin,  Wyoming. 

Professor  Chase  explained  his  views  of  the  values  of  his 
published  comparative  rainfall  tables,  and  of  the  predictions 
permitted  by  his  discussion  of  the  same. 

Pending  nominations  Nos.  697  to  705  were  read.  Nos. 
697  to  702  were  spoken  to  and  balloted  for. 

Mr.  Price  read  a  letter  from  the  lion.  W.  S.  Stokeley, 
Mayor  of  Philadelphia,  in  reference  to  the  deposit  of  the 
Continental  chair  in  the  Hall  of  the  State  Ilouse. 

The  ballot  boxes  being  scrutinized  by  the  presiding  officer, 

A.  p.  8. — VOL.  XII. — 3b. 
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the  following  named  gentlemen  were  declared  to  be  dniy 
elected  members  of  the  Society : 

Mr.  Andrew  Jackson  Cassatt,  of  Philadelphia. 

Mr.  Clarejice  King,  U.  S.  Greologist. 

Mr.  Horatio  Hale,  of  Canada. 

M.  Paul  Broca,  M.D.,  of  Paris. 

llerr  Franz  Joseph  Lauth,  of  Munich. 

Dr.  Isaac  Xorris,  Jr.,  of  Philadelphia. 
And  the  meeting  was  adjourned. 


ON  A  NEW  VERTEBRATE  GENUS  FROM  THE  NORTHERN  PART 
OF  THE  TERTIARY  BASIN  OF  GREEN  RIVER. 
By  Edward  D.  Cope,  A.M. 
(Head  before  the  American  Philosophical  Society,   Oct.  18,  1872 J 
Anaptomorphtjs  ^mulus.    Cope. 
•     Dentition  of  the  ramus  mandibuli.  In.  2,  C.  1,  P.M.  2,  M.  3,  total,  16: 
identical  in  number  to  those  of  Siniia  and  Homo.     It  diffei-s  in  many  re- 
spects from  these  ;  there  is  no  interruption  in  the  series  near  the  canine, 
and  the  symphysis  though  massive,  is  not  co-ossified.     Further  details 
are,  the  last  molar  is  three-lobed  and  elongated  behind.     The  composition  , 

of  the  crowns  of  the  preceding  molars  consists  of  four  opposed  lobes,  which  | 

are  very  stout,  and  connected  transversely  by  a  thin  ridge  behind,  or  in  | 

close  contact  in  front.     The  premolar  tooth  which  is  best  preserved,  is  a  | 

perfect  second,  which,  while  having  two  roots,  possesses  a  crown  which  i 

stands  almost  entirely  on  the  anterior,  presenting  acui-ved  sectorial  crest  j 

forwards  and  upwards. 

Measurements.  M. 

Length  dental  line 0.0148 

"        of  last  molar 0030 

**        '*  ante-penult 0025 

Width  of  "  0020 

•Length  of  three  molars  preserved 0070 

DESCRIPTIONS  OF  NEW  EXTINCT  REPTILES  FROM  TITK 
UPPER  GREEN  RIVER  EOCENE  BASIN,  WYOMING. 

By  E.  D.  Cope. 

Crocodilus  (IcnTHYosucHDs)  suBULATus.     Copc,  sp.  nov. 

Some  of  the  cervical  vertebrae  without  hypapophysos.      Their  oup" 

round.     Dentition  peculiar.     One  or  two  very  long  smooth  compress^*^ 

straight  teeth  in  the  front  of  the  ramus  mandibuli.     These  are  foUowcil 

abruptly  by  a  closely  set  series  of  sub-equal  teeth  of  not  one-fourth  the 
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size,  varying  little  to  the  back  of  the  jaw.  The  long  teeth  have  sub- 
compressed  crowns  with  opposed  cutting  edges,  and  are  smooth  except 
at  their  bases.  These  are  distantly  sulcate,  the  separating  ridges  being 
acute.  The  smaller  teeth  are  perfect  cones  and  resemble  those  of  Gars 
without  their  sulci. 

There  are  more  long  teeth  in  the  premaxillary  bone  than  below.  Pit- 
ting of  cranium  distinct,  elegant.  Length  of  skull  about  one  foot. 
Length  of  long  teeth  1.25  inches  ;  of  small  ones  .5  inch. 

Crocodilus  suiiCiPERUS.     Cope,  si>.  nov. 
A  medium  sized  species  with  cranium  deeply  and  roughly  pitted.     The 
chief  character  is  at  present  visible  in  the  teeth.     The  larger  of  these 
are  of  sub-cylindric  and  short  conic  crown,  which  is  suiJerficially  grooved 
from  basis  to  near  apex  ;  sulci  coarse,  open, 

Anostira  radulina.  Sp.  nov. 
Based  on  two  marginal  bones  one  from  the  front,  the  other  from  the 
rear,  of  the  carapace  of  an  animal  of  twice  the  bulk  of  the  largest  Anostire 
yet  found.  Apart  from  size,  the  sculpture  is  peculiar.  It  consists  in  the 
anterior  of  closely  packed  vermicular  ridges  which  run  out  flat*  on  the 
posterior  and  upper  edge.  In  the  posterior,  it  consists  of.  only  closely 
placed  minute  tubercles  over  the  whole  surface. 

M. 

Length  front  one  on  free  edge, 0.025 

Width    •    "  "        "         .". 028 

Length  posterior  on  free  edge J025 

Width        *'  **        "        025 


RECENT  MONTHLY  RAINFALL  IN  THE  UNITED  STATES.* 

By  Pliny  Earlb  Chasb. 
(Bead  before  the  American  Philosophical  Society,  November  1«^,  1872.) 

General  Myer  has  kindly  favored  me  with  a  transcript  of  the  monthly 
reports  of  rainfall  at  the  several  Signal  Service  Stations,  from  October, 
1871,  to  September,  1872,  both  inclusive.  The  reports  were  arranged,  at 
my  suggestion,  in  six  groups,  in  order  to.  exhibit  the  local  influence  of 
proximity  to  the  great  lakes,  the  gulf,  or  either  ocean,  and  of  situation 
on  opposite  sides  of  the  Mississippi  Valley.  In  the  interpolations  (which 
are  all  enclosed  in  brackets),  for  months  in  Which  the  Bureau  received  no 
returns,  I  have  usually  given  more  weight  to  the  general  rainfall  of  the 
section  than  to  the  local  precipitation.  The  deficient  Philadelphia  re- 
IK)rt,  for  October,  1871,  was  supplied  from  the  records  at  Pennsylvania 
Hospital. 

*Fubli8lied  by  permission  of  Brigadier  General  Albert  J.  Myer,  Chief  Signal  Officer,  D.  S.  A. 
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Haying  thus  completed  the  tabular  data,  I  computed  the  normal  per- 
centages from  the  fourth  successive  means,  in  accordance  with  the  gene- 
ral plan  of  my  previous  meteorological  papers.  The  resemblance  be- 
tween the  lake  curve  and  the  two  interior  curves  is  more  striking,  and 
the  lake  influence  is  less  marked  than  I  anticipated ;  the  opposition  be- 
tween the  Pacific  and  interior  curves  exhibits  the  effects  of  differences  of 
temperature  between  polar  and  equatorial  currents,  in  the  air  and  ocean, 
at  opposite  seasons  ;  the  differences  between  the  Atlailtic,  the  Pacific,  the 
Gulf,  and  the  land  curves,*  are  quite  as  striking  as  any  of  the  differences 
between  the  curves  of  lunar-monthly  rainfall*  at  different  stations  ;  and  a 
larger  proportion  of  the  solar  than  of  the  lunar  influence  is  disguised^  by 
aggregating  the  accompanying  six  sets  of  soliar  normals,  and  tlie  seven 
sets  of  lunar  normals  in  the  foregoing  communication. 

Monthly  Rainfall  of  1871—2  at  United  States  Signal  Service  Stations. 

GULF  8TATI0N8. 


3TAT^OK8. 

1871, 
Oct. 

Nov. 

Dec. 

iSl^cb. 

Mar.    Apr. 'May 

June 

July  Angf 

Sep. 

Indianola 

(lalveston 

New  Orleans... 

Shreveport 

Vicksburg 

Mobile 

(2.27) 
17.81 
9.09 
(6.18) 
4.13 
5.33 
5.03 
1.80 
3.26 

(1.61) 
5.67 
7.14 
3.04 
7.03 
6.68 
3.99 
0.98 
1.90 

1.46 
1.30 
2.06 
1.36 
2.05 
2.68 
3.32 

5.10 
5.26 
3.24 
3.69 
2.41 
2.64 
1.60 

(1.72) 
2.27 
477 
5.89 
5.34 
8.00 
3.02 
2.71 
7.19 

(2.10) 
2.77 
9.18 
4.11 
7.82 

12.76 
9.59 
0.69 
1.04 

* 
(1.49) 
5.96 
5.01 
7.18 
7.79 
4.35 
1.90 
1.54 
0.08 

1.08 
2.21 
3.14 
9.10 
13.23 
3.78 
0.20 
2.88 
1.01 

0.86 
3.39 
5.34 
2.70 
3.82 
6.33 
5.29 
7.16 
2.14 

1.40    2.84 
0.34    2.63 
6.431   3.76 
1.62    0.40 
2.11 1   0.49 
13.571   1.69 
3.86'   5.26 
8.68    3.97 
6.92|   4.89 

0.81 
2.33 
2.10 
2.91 
0.72 
2.U 

Lake  City 

PuntaRassft.... 
Key  West 

4.63 
6.14 
3.15 

54.89 

38.04 

17.35 

29.79 

40.91 

50.06 

35.30 

36.63 

37.03 

46.02.26.91 

23.80 

LAKE    STATIONS. 


Milwaukee... 

Ohlcago 

(i3airo 

Indianapolis.. 

Cleveland 

Toledo , 

Cincinnati.. . . 
Marquette.... 
Eseanaba .... 
Q-rand  Haven 

Detroit., 

Buffalo 

Rochester..... 

Oswego 

Burlington. . . 


3.37 

2.54 

(2.29) 

3.62 

3.81 

2.93 

1.54 

3.52 

0.60 

2.42 

0.78 

1.48 

L80 

4.^8 

2.97. 

0.65 

2.94 

1.94 

1.75 

2.33 

0.69 

2.76 

1.64 

3.60 

2.59 

3.10 

1.44 

2.96 

Z7(} 

0.73 

30.96 

38.76 

PACIFIC 

STATIONS. 

Portland,  O 

San  Francisco. . 
San  Diego 

(259) 

.07 

(.64) 

2.77 
2.81 
1.19 

7.62 

14.36 
1.39 

6.56 
4.03 
0.99 

12.13 
6.90 
1.63 

5.28 
159 
0.46 

2.96 
0.81 
0.26 

0.92 
0.18 
0.12 

1.52 

0.04 

.Ob 

0.20 

0.01 

.00 

.13'  1.2* 
.00    0.0* 
.18      .00 

3.30 

6.77 

23.37 

11.58 

20.66 

7.33 

4.03 

1.22 

1.56 

.21 

.3l|  1.S0 
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WESTERN  INTERIOR. 


Stations. 

1871, 
Got. 

Nov.    Dec 

1872, 
Jan 

Feb. 

Mar.   Apr. 

May  June  July  Aug  Sep. 

!       1            •  i 

Fort  Benton... 
Virginia  Uity. . 

Oorlnne 

Oheyenixe 

Denver  City.... 

Santa  Fe 

Omaha 

(117) 
(.98) 
0.36 
0.24 

'97 
2.08 
^1.76, 
4.25 
4.19 
2.35) 
1.90 
3.19 
5.22 
2.07 

(1.15) 
(.96) 
3.22 
0.66 

(1.63) 
r.95) 
4.22 

(1.72 
3.94 
1.47 

(2.30 
1.41 
3.33 
2.89 
1.83 

130 
1.43 
4.04 
0.16 
(1.04 
'.61 
0.91 
(i.lO 
0.73 
2.06 
(1.48 
1.20 
1.61 
1.46 
1.17 

0.27 
1.45 
0.70 
0.02 
0.66 
0.34 
0.09 

'.35 
0.13 
0.86 

(.46 
0.28 
0.13 
0.07 
0.64 

0.34 
0.79 
2.42 
0  27 
0.22 
0.20 
0.43 
(.49, 
0.87 
0.46 
..66) 
0.26 
0,10 
0.39 
1.15 

082i 
020 
.55 
0.38 
1.71 
0.13 
1.61 
(1.06) 
1.95 
0.85 

a.4i) 

1.64 
1.82 
2.88 
2.43 

0.67 

0.35 

1.43 

1.61 

2.09 

0.14 

3.84 

(1.78) 

2.98 

1.80 

(2.37; 

1.69 
5.06 
3.66 
3.17 

0  64    1.14    4.62    0.61'   1.83 
1.78    0.74    2  73    0  60    0.28 
2.66    0.47    0.11'   1.04    0.14 
1.99    1.84    3.90    2.05    1.03 
3.74    2.07    2.69    1.65    1.67 
0.46    2.44    2  62'   2.98    0.£7 
3.91    6.35    6.36    1.78    3.24 

Fort  Sully 

Ijeavenworth... 
Dulnth 

2.98    2.34    6.48    1.63    0.21 
7.91    4.75    9.92,   6.56    4.22 
4.62    4  46    5.83    2.84    5  01 

Breckenridfire... 

St.  Paul 

Davenport 

Keokulc 

St.  Louis 

4.05    5.10    6.01    1.78    1.18 
5.71    3.81'   4.23    3.62    6.62 
4.46    3.78    &80    8.91    6.30 
3.70    6.81    6.77    1.97    2.26 
5.97    4.28    4.41    0.93    a46 

32.37  '31.68   |20.29  |   6.34  |   9.05  !l9.4^  132.64 

64.57  49.38  70.48  38.75*  36.60 

eastern  interior. 


Nashville..  . 
Knoxville ... 
Louisville... 
Memphis  ... 
Pittsburgfh. . 
Philadelphia 


2.U 

3.09 

2.24 

3.04 

.2.26) 

141 

4.24 

5.19 

0.97 

1.33 

1.12 

3.67 

6  911  3.09 

3.61  2.86 

8.40  4.49 

6.99'  4.16 

0.881  2.61 

2.60  3.16 


12.94  I   17.73    28.39 1 20.36 


5.171  4.90, 

6.68  2.29 

6.19  3.67 

4.44  4.23 

2.35  7.70 

4,29  9.20 


1.65J  4.50 

6.27  3.89 

2.45I  4  41 

0.64  3.62 

2.81  2  54 

7.81I  a66 


29.12  31.99  21.53  22.62 


PortlandL,  Me... 

Boston 

New  London.... 
New  York...... 

Baltimore 

Cape  May 

Washington  ... 

Lynchburg 

Norfolk 

Wilmington.... 

Charleston 

Savannah  

Augusta. 

JaoKSonville. . . . 


6.65 
5.88 
8  35 
7.07 
811 
4.91 
1.60 
1.60 
4.14! 
302; 
4.76; 
3.55' 
1.62, 
3.62, 


_  * 
6.37 
6.42 
5.60 
3.76 
324 
6.42 
4.85 
3.76 
6.76 
446 
4.09 
2.22! 
7.78; 
3.63; 


ATLANTIC  STATIONS. 


aoo 

0.77; 

338 

2.11 

2.78 

2  461 

1.19 

2.341 

1.90 

0.881 

2.90 

2.99 

1.36 

0.23. 

1.12 

208; 

2.18 

2.91I 

3.90 

3  62 

3.67 

3.78 

1.59 

2.09 

6.98 

4.20 

2.65 

3.44 

0  36 
2.31 
0.96 
144 
1.46 
2.99 
0.93 


1.44 
4  06 
2.93 
3.93 
3.06 
6.61 
3.22 


1.99     '4.24 
7.33      4.51 


6.20, 
6.13 


642 
9.78 


1.601  3.23; 
1.31  3.29 
2.30    3.16 


4.651  10.18 
6.871  10.88 
2.70,     7.32 


2  49 
3.06 
0.92 
1.74 
3.20 
3.63 
0.97 
2.46 


2.25 

1.44' 

150 

1.43 

3.15 

5.68. 

4. 

6. 


2.75  6.22 
2.95  6.33 
2.39    1.25 


6  95, 

4.84 
2.78 
293' 
416 
2.15 
2.78 
2.63 
6.09 
2.87 
1.87, 
9.52 
4.77 
6.97. 


2.87.   6  97, 
4.00  10.68 


6.36: 
9.36' 
158 
3.27 
0.82 
1,56 
3.63 


6  06 
6.081 
4  69> 
3.09 
572 
2  27 
3.20 
6.54  11  15 
2  30  7.81 
4.36  12.31 
6.87  4.10 
2.92    6.41 


3.12 
6-.04 
6.98 
3.44 
5.06 
4.61 
392 
1.26 
2.40 
8  22 
7  88 
3.62 
1.33 
10.66 


69.68    68.26    37.60    33.90'   43.31;   78.67    31.67  48.16  69.18  54.63  90.441 68.83 


Normal  Percentages  of  Rainfall. 

ll 

Cm    0 

Si 

M 

ll 

02 

Western 
Interior. 

II 

^1 

* 

.Tannary ....... 

75;        86 
87,      107 
95       116 
89       110 
87;       104 

239         65 
209         61 
143!        66 
73,        95 
34*       124 

39 

39 

64 

103 

140 

162 

162 

138 

112 

98 

83 

59 

66 
73 
93 
111 
122 
182 
133 
120 
106 
93 
81 
70 

93;       99 

February 

94:           07 

March 

96 

98 

Anril 

97 
102 
109 
111 
104 
98 
98 
99 
97 

101 

M!ay 

100 

June.. 

99       105|        18l       140 

104 

July 

116!      200         10 

143 
138 
126 

103 

128|        90 
126.        95 
115"      107 
100         98 

12 
27 

106 

September. 

104 

70 

IftT 

96 

Nove  mber > 

147i          87 

96 

December 

«2|        81       218'        70' 

98 

*  The  twelve  normal  ordinates  of  the  Mean  Lunar  curve  are  obtained  from  "Aggregate  B, '' 
in  the  **  Normala  of  Lunar- Monthly  Rainfall.  "  The  tLggreg&UiH  for  two  and  a  half  days  are 
added  together,  to  obtain  t^  nornal  AggrfigAte  for  one- twelfth  of  a  month,  and  the  normal  per- 
eentages  computed  from  the  regults.  E.  g. ;  the  Ist  day,  added  to  three-fourths  of  the  gum  or  the 
30th  and  2d  day»,  gives  the  normal  aggregate  for  the  1st  twelfth^  the  3d  and  4th  days,  added 
io  one-fourth  of  the  sum  of  the  M  and  0th  days,  gives  the  normal  aggregate  for  the  2a  twelfth. 
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LUNAR -CYCLICAL  RAINFALL  IN  THE  NORTHERN  TE>L 

PERATE  ZONE. 

By  Pliny  Earlr  Chase. 

{Read  before  the  American  Philostophieal  Society^  N»v,  1,  1872.) 
My  discussions  of  loiiar-monthly  rainfall,  {ante,  x.,  439^  533  ;  xi.,  203 ; 
xii.,  179,  523,)  embracing  observations  in  Europe,  Asia  and  America,  near 
eastern  and  western  shores  of  oceans,  in  regions  of  monsoons  and  return 
tra<le-winds,  near  eqi;atorial  and  polar  currents,  seem  to  be  sufficiently 
varied  in  their  character  to  justify  a  fii-st  approximation  to  the  noiinal 
curve  for  the  Northern  Temperate  Zone.  The  stations  are  so  well  dis- 
tributed that  the  influence  of  local  "establishments  "  must  be,  to  a  great 
«>xtent,  eliminated,  and  it  seems  reasonable  to  presume  that  the  i*esidiials 
represent,  with  some  degree  of  accuracy,  the  precipitation  which  is  occa- 
2>ii>ned  by  the  lunar  modifications  of  the  average  atmospheric  currents. 
I  have  given  equal  weight  to  the  normals  for  each  station,  but  as.  the 
Toronto  observations  cover  only  nine  years,,  and  those  at  Chiswiek  are  of 
the  same  general  character  as  those  at  Surrey,  I  give  two  complete  aggre- 
gates :  A.,  embracing  stations  2  to  6  inclusive,  and  B.,  2  to  8  inclusive  ; 
and  one  partial  aggregate,  C,  for  all  the  stations. 

NORxVIALS  OF  LUNAB-MONTHLY  RAINFAU^ 


M2 


2.® 

1^ 


O  ed 


1^  ll  i^ 


bi    be 


1 86 

•2 

A 

4 

6 

ft 

7 

8 115 

9 

10 

11 

12 

13 

14 

15 

H .♦   86 

17..... 

18 

19 

20 

•21 

♦22 

•23 ua 

24 

•26 

•26 

•27 

•28 

29 

ao 


93  100 

93  98 

96  97 

100  100 

101  102 
99  lOU 


97 
97 
9^ 
98 


92 

89 

91 

99 

109 

116 

111 

112 

107 

106 

105 

102 

98 

100 

103 

100 

95 


100 

101 

105 

107 

104 

101 

98 

97 

98 

98 

97 

96 

97 

99 

103 

104 

101 

98 

99 

101 

100 

99 

100 

101 


104 
100 


100 

103 

107 

107 

101 

93 

87 

85 

87 

90 

90 


104 
108 
111 
110 
106 
lOQ 


103 
109 
111 
108 


97 
97 
94 
92 
96 
104 
107 
108 
107 
103 
97 
99 


138 
134 
115 
105 
104 
96 
85 
83 
86 


93 
96 


104 

103 

98 

91 

86 

81 

81 

85 

91 

94 

110 

123 


110   128 
125   123 


116 
114 
118 
12T 
131 
123 
104 
82 
69 
70 
77 
84 
89 
9.> 
99 
102 


491 
483 
481 
485 
489 
492 
498 
501 
495 


518 
52T 
531 
526 
622 
536 
552 


486 
467 
463 
406 
46S 
473 
491 
503 
602 


104 
105 
105 
105 
103 
lOO 
96 
97 
102 
106 


496   105 
505   103 


101 
98 

98 
98 
96 
9a 
95 


543   lOQ 
515   10.) 


108 
101 
95 
93 
94 
94 
95 
.  93 
101 


93 
104 
103 

M 

9e 

100 

113 

117 

110 

98 

91 

95 

105 

110 

104 

91 

85 

90 

102 

110 

110. 

104 

103 

106 

108 

100 

lOi 

91 

81 

82 


700 
691 


701 

712  82r 

7ia 

099 


703 
TU 
735 
733 
715 
703 
719 
749 
755 
734 


801 


671  .  W4 

664 

667 

668 

688 

677 


Each  of  the  complete  aggi*egates  indicates  an  excess  of  rainfall  during 


Digitized  by 


Google 


187J.]  bO\)  •  [Chase. 

the  half-month  of  lunar  opposition  ;  a  pretty  regular  increase  of  niin 
from  the  first  octant,  when  the  moon  is  on  the  meridian  at  the  time  of 
greatest  solar  heat,  until  uejirly  the  fifth  octant,  when  her  direct  merid- 
ional influence  is  exerted  at  the  time  of  morning  low  barometer  ;  average 
rain  when  that  influence  is  felt  at  sunset,  or  at  the  morning  barometric 
maximum  ;  a  principal  maximum,  near  the  morning  barometric  minimum, 
and  a  principal  minimum  near  sunrise,  when  the  nocturnal  precipitation 
is  over ;  other  minima  soon  after  sunset,  after  the  maximum  heat  of  the 
day,  and  after  midnight.  These  features  all  seem  so  natural  and  so  sim- 
ply explicable,  that  I  am  unable  to  regard  them  as  other  than  typical. 

I  regret  that  Mr.  Hennessey's  observations  at  Mussoorie  were  commu- 
nicated only  for  the  days,  of  quarterly  change.  They  appear  to  indicate 
a  curve  still  more  strikingly  similar  to  that  of  the  solai*-4iourly  i-a-infall, 
and  the  indication  is  corroborated  by  their  influence  on  the  general  aggre- 
gate.»«,  as  shown  in  Aggregate  C. 

It  would  be  possible,  even  with  the  data  now  at  my  command,  to  form 
interesting  approximations  to  the  normal  lunar  cui-ves  for  each  calendar 
month,  but  I  prefer  to  wait  for  observations  from  a  much  larger  number 
of  stations,  before  undertaking  any  more  minute  calculations  than  I  have 
embodied  in  the  accompanying  table.  Even  these  normals  may  be  em- 
ployed in  connection  with  barometric  and  thermometric  normals  in  the 
study  of  weather  changes ;  prodded  such  alhnvances  are  made  as  are 
obviously  required,  for  the  blending  of  currents  over  or  near  the  great 
Lakes,  the  Gulf,  and  the  ocean.  Such  limited  use  of  them  as  I  have 
already  made,  has  sti*engthened  my  conviction  that  the  day  is  not  lar 
distant  when  the  normal  lunar  influence  will  be  ranked  among  tlie  im- 
portant elements  for  calculating  the  disturbances,  and  the  tendencies 
towards  equilibrium,  which  deteniiine  all  meteorological  fluctuations, 
and  render  satisfactory  forecasts  practicable. 


Stated  Meeting^  Nooembrr  1,  1872. 

Present,  16  njember?. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

The  Rev.  Mr.  Nichols,  a  newly  elected  member,  was  j>re- 
sented  to  the  presiding  officer  and  took  liis  seat. 

A  circular  letter  in  reference  to  a  new  table  of  logarithms 
was  received  from  ^Ir.  Ed.  Sang,  dated  No.  2  (jeorge  street, 
Edinborough,  Oct.  loth,  1872. 

A  letter  was  received  from. Br.  William  Elder,  addressed 
to  the  Curators,  dated  Xo.  1824  Mouiit  Vernon  Street,  Pliil- 
jidelphia,  Oct.  31st,  1872.     On  motion   tlie  Curatoi-s  were 
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desired  to  acknowledge  the  donation  of  the  Bushrod  Waeh 
ington  Chair,  described  in  the  letter,  and  to  return  the 
thanks  of  the  Society  for  the  same. 

Letters  of  acknowledgment  were  received  from  the 
Rhode  Island  Historical  Society,  (Proc.  88)  and  Yale  C'Ol- 
lege  Corporation  (Proc.  88). 

Donations  for  the  Library  were  received  from  the  Revue 
J'olitique,  and  London  Nature,  the  Greological  Survey  of 
N'ew  Hampshire,  Silli man's  Journal,  and  the  Franklin  In- 
stitute. 

The  Committee  to  which  was  referred  Mr.  Lyman's  map 
iind  description  of  the  Staley's  Creek  Iron  Ore  District,  re- 
•|K)rted  in  favor  of  its  publication  in  the  Transactions.     The 
report  was  accepted  and  the  publication  ordered. 

The  Committee  to  which  was  referred  Mr.  Gabb's  Memoir 
on  the  Geology,  &c.,  of  Santo  Domingo,  reported  in  favor  of 
\tA  publication  in  the  Transactions.  On  motion  the  report 
was  accepted  and  the  publication  ordered. 

The  death  of  Mr.  Constant  Quillou,  at  Philadelphia,  the 
20th  ult.,  was  announced  by  the  Secretary. 

Mr.  James  desired  to  place  on  the  minutes  that  he  had 
duly  returned  the  MSS.  letter  of  Dr.  Franklin  and  the  map 
accompanying  Pursh's  MSS.,  Botanical  Journal,  which  he 
had  been  permitted  to  borrow  from  the  library. 

Dr.  Emerson  exhibited  one  of  the  bricks  of  a  chimney 
scattered  by  lightning  in  the  storm  of  the  25th  ultimo;  a 
chimney  belonging  to  a  house  in  which  he  was  sleeping  at 
the  time. 

Mr.  Lesley  desired  to  place  on  record  authentic  data  re- 
sjiecting  fourteen  oil  wells  sunk  by  the  Brady's  Bend  Iron 
Comfiany,  at  and  near  their  works,  on  the  Allegheny  River; 
and  explained  the  importance  of  facts,  so  obtained,  when 
comparable,  in  view  of  the  general  inaccessibility  of  the 
Sub-carboniferous  formations  underlying  the  Oil  Regions.  A 
discussion  of  oil  theories  and  of  the  history  of  the  oil  dis- 
coveries followed,  in  which  Mr.  Lyman,  Mr.  Gabb,  Dr.  Le 
(^onte,  and  other  members  took  part. 
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Mr.  Chase  offered  for  publication  in  the  Proceedings  a 
first  approximation  to  a  curve  of  Normal  Temperature  in 
the  Northern  regions  of  the  Continent. 

Mr.  A.  H.  Smith  described  his  observations  of  the  Sub- 
alpine  botany  of  the  North  Shore  of  Lake  Superior,  in  the 
Summer  of  1871,  and  of  ifs  absence  in  the  Lake  Nibbegong 
region,  further  north,  which  he  had  explored  in  the  Summer 
of  1872 ;  this  change  of  flora  he  was  led  to  ascribe  to  the 
fact  that  the  waters  of  Lake  Superior  were  much  colder 
than  those  of  Lake  Nibbegong.  His  collection  of  mosses 
he  had  placed  in  the  hands  of  Mr.  James  for  examination. 
He  described  the  ascent  of  the  Nibbegong  River  and  the 
thousand  islands  in  the  lake  itself,  which  has  scarcely  been 
visited  by  any  observers  who  could  report  scientific  facts. 

Mr.  Gabb  instanced  an  analogous  change  of  flora  from  the 
coast  to  the  interior  of  the  northern  part  of  Lower  Cali- 
fornia. 

Dr.  Le  Conte  said  that  he  would  assign  a  hygro-metrie 
cause  for  this  difterence,  and  added  that  a  similar  difference 
was  known  to  exist  between  the  faunae  of  the  coast  and  the 
interior  as  far  across  as  to  the  banks  of  the  lower  Rio 
Grande;  and  that  the  line  of  distinction  was  sharp  and 
sudden,  being  drawn  along  the  summit  of  the  coast  range 
of  mountains,  a  barrier  not  more  than  3000  feet  high  at  the 
place  to  which  he  referred.  It  was  evident  that  the  wet 
winds  of  the  west  flank  of  this  barrier  and  the  dry  air  of 
its  eastern^  which  made  the  change  in -flora  and  fauna. 

Professor  Haldeman  introduced  the  topic  of  the  Rhyme- 
law  of  the  Sonnet  in  European  literature.  He  had  made 
extensive  collections  of  Sonnets  and  studied  their  construc- 
tion for  the  purpose  of  discovering  a  normal  rhyme  arrange- 
ment. So  far  from  that,  he  had  already  tabulated  600  (six 
hundred)  arrangements  of  the  sonnet  with  a  prospect  of 
adding  to  his  tables  more. 

Pending  nominations,  Nos.  703  to  707  were  read.   ' 

And  the  meeting  was  adjourned. 

A.  p.  8. — VOL.  XTI. — 8b. 
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A  Kku>ui>  ok  FoiKTK.KN  Oil.  WKi.irf*  AT  UuAnY*s  Hkni\  Auxn^rKt^xc 

Cor N TV,    rKNX5»Tl.VAXlA. 

lLivi))i;  looontly  iv^uostod  Mr.  IVi-sifor  Fraxor*  Assistant  PnuVs^wrof 
i*honustry  ill  the  Tiuvorsity  of  IVniisylvauia^  to  oxaiuino  for  new  «s4> 
niiitos  i»f  quantity  the  ih»jU  rtiv;wi  which  h»vo  esoaiHHt  oixvwoiu  in  tbr 
count ry  on  the  two  sides  of  ami  eUvsely  aiyoiniujr  tiie  AUejjheny  Umr* 
At  the  ivniaikaUU^  o\-l»ow  IkmuI  in  its  coui-se,  70  miles  alnno  l^itislmrj^h 
ami  r»0  mih  s  lH»h>\>  Oil  City  ;  he  bixnijjht  Uick  with  him  a  MSS.  f\>iH»rt  <^ 
«»t  the  wells  lunvU  hy  the  comimny  on  the  river  kinks  ami  aloujj  the  K'^ 
oi'  the  ravines  devc.  luUntr  to  it  fnmi  the  west.  We  awe  this  reiH>rt  tollie 
kin«luo^«4tif  Stei»lien  HaUnxH^k,  Ksq.»  8n|H>rintendent  of  the  Hnuiy^s  XlcrA 
lr«»n  \N  orks. 

It  i>  needlfss  to  ive  ipitulate  the  history  t»f  the  oil  ttisiH>veriess  aiht  tkr 
manual  extension  of  the  oil  pi>Htneinjr  districts  fixnn  TitusviUe  aiut  the 
line  of  Oil  I'lvek  e;istwant  to  the  Tidioute  di.striet,  southeast w^*ni  to  tW 
Cl.iiion.  westN^unl  Xo  Fivnch  Ciwk,  and  sunithwant  via  IMI  City.  Krankliiu 
l*arkt«r*s  I..uulin,!;,  and  Hnidy*s  IWnd,  to  the  iieiiihln^rhoiHl  of  l^itWr. 
wheiv  the  last  discovery  excitement  is  now  ra^ini?.  It  is  only  uec\'S5SiT> 
to  reiVr  to  my  iviH»rt  on  the  j^H>loj;ical  ijwnnds  for  In^lievinjj  the  iimWVf 
AUcijhony  Ki\er  districts  to  W  pixHtiietive  oil  country.  puUUslKHUn  the 
Pith'ciHlinvi^  of  thisSiHMcty.  in  IStM.*  In  that  vKiiH>r  I  haw  sufticiewil) 
tlcserilKMl  tlic  *  •.« » %  of  the  wells  now  to  Ih>  descriluMt,  These  ixHHmls  luaj 
also  Ih»  compaivd  with  similar  nvonis  ctMnmnnicattH)  to  tiw  8*x*iety  awt 
|>uhUshe<l  in  its  l*nH*eedinjfs  t»f  April,  18C5, 

I'he  **  Kn,v;iniH»rs*  Datunr*  of  the  following?  t^ihle  is  mi  as^uiuetl  Wvipl 
on  f.u'itiit  itftt  /fwr.  r  than  a  mark  made  on  the  Urady's  liom)  Invii  V\>»* 
pjinyV  waivhonse.  on  the  river  kmk.  showinj;  theextix^me  het|::ht  reachixi 
by  the  jrtvat  and  dis.^st^ms  fivshet  of  March  IT.  JS05. 


Urltthl  of 

wrll 

WMiih 

»K»\  0 

• 

IV|>(h  lM»ltm 

Ftwl  ytoia  In 

Kntf. 

lH«|Ch  of 

rivor.  Iil«he«l 

Iv»rrt^l9 

l*n^ni  yl<'ia 

>o. 

ttatuiiu 

^Oli. 

Alitor  lUATk. 

l>or  it*>\ 

|MHra;^v. 

I 

.  m  feel. 

<^t 

»» 

^ 

nu^. 

« 

.e:vi 

1.41H) 

t.5t>S 

!•*•  *.M«^  r^-*^ 

8. 

,  «:.rc^ 

i.in 

Kn:i 

5  .  bbls. 

iMOs 

4. 

.  «7.ro> 

1/.M3 

l.^.MU 

•lN>^.»>%/i. 

5. 

.UH),:u 

I,  lOo 

l.UV^ 

7  bV»K 

ibko^^ 

«. 

.:no.4S 

l.XMH) 

i.mK) 

5^  bbls. 

4U4^ 

1 , 

.4:^-4 1 

1.411 

1.07T 

tt  bl>ls. 

Sl>hK 

8. 

.8:iKlS 

l.:U5 

t.OtUl 

84t)  hbK 

IXOtn^^^^bRv 

9. 

.lOl.:iS 

l.tHlt 

t.Otli> 

41  bbls. 
Ibbl. 

8    U^ 

10. 

,;w.^?: 

l.mM) 

1.070 

««\«i(f^«./^ 

n. 

.in.ia 

l.etH) 

l.l8!i 

iMtfrrrw/  vN»s  K**. 

i^. 

.*^ui.:u) 

l.ei*3 

t.(nv>j 

l^  bbls. 

*         lSW4s 

18. 

.4*3«.8S 

1.40  > 

M)7t> 

8  bbltiu 

^t4^ 

14. 

,851K8t> 

»» 

fa  h¥  *^mJ^  #«»  4M  mm\ 

•  8««  Proc.  A.  l\  S..  vol.  10.  p.  «l. 
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A  Record  of  Fourteen  Oil  Wells  at  Brady's  Bend,  Armstrong 

County,  Pennsylvania. 

By.  J.  P.  Lesley. 

{Bead  before  the  American  Philosophical  Society,  Phila.,  Wov,  Ist,  1872.; 

Having  recently  requested  Mr.  Persifor  Frazer,  Assistant  Professor  of 
Cliemistry  in  the  University  of  Pennsylvania,  to  examine  for  new  esti- 
mates of  quantity  the  coal  areas  which  have  escaped  erosion,  in  the 
country  on  the  two  sides  of  and  closely  adjoining  the  Allegheny  River, 
at  the  remarkable  ox-bow  bend  in  its  course,  70  miles  above  Pittsburgh 
and  GO  miles  below  Oil  City  ;  he  brought  back  with  him  a  MSS.  report  of 
of  the  wells  bored  by  the  company  on  the  river  banks  and  along  the  beds 
of  the  ravines  descending  to  it  from  the  west.  We  owe  this  report  to  the 
kindness  of  Stephen  Halbrook,  Esq.,  Superintendent  of  the  Brady's  Bend 
Iron  Works. 

It  is  needless  to  recapitulate  the  history  of  the  oil  discoveries,  and  the 
gradual  extension  of  the  oil  producing  districts  from  Titusville  and  the 
line  of  Oil  Creek  eastward  to  the  Tidioute  district,  southeastward  to  the 
Clarion,  westward  to  French  Creek,  and  southward  via  Oil  City,  Franklin, 
Parker's  Landing,  and  Brady's  Bend,  to  the  neighborhood  of  Butler, 
where  the  last  discovery  excitement  is  now  raging.  It  is  only  necessary 
to  refer  to  my  report  on  the  geological  grounds  for  believing  the  middle 
Allegheny  River  districts  to  be  productive  oil  country,  published  in  the 
Proceedings  of  this  Society,  in  1865.*  In  that  paper  I  have  sufficiently 
described  tiie  locale  of  the  wells  now  to  be  described.  These  records  may 
also  be  compared  with  similar  records  communicated  to  the  Society  aod 
published  in  its  Proceedings  of  April,  1865. 

The  •*  Engineers'  Datum"  of  the  following  table  is  an  assumed  level, 
one  hundred  feet  lower  than  a  mark  made  on  the  Brady's  Bend  Iron  Com- 
pany's warehouse,  on  the  river  bank,  showing  the  extreme  height  reached 
by  the  great  and  disastrous  freshet  of  March  17,  31865. 


Helpfht  of 
well 

mouth 

above 

• 

Pcpth  below 

First  yield  in 

Eng. 

Depth  of 

river,  highest 

barrels 

Present  yield 

No. 

datum. 

well. 

water  mark. 

per  day. 

per  day. 

1. 

.  96  feet. 

? 

? 

9 

1  bbl. 

2. 

.232 

1,400 

1,268 

7io  mnd  rock. 

3. 

.  97.62 

1,111 

1,113 

5  i  bbls. 

Ibbl. 

4. 

.  97.69 

1,262 

1,264 

abandoiud. 

5. 

.100.31 

1,105 

1,105 

7  bbls. 

2  bbls. 

«. 

.300.48 

1,290 

1,090 

^  bbls. 

4  bbls. 

7. 

.437-41 

1,414 

1,077 

9  bbls. 

8  bbls. 

8. 

.379.18 

1,345 

1,060 

840  bbls. 

150  to  200  bbls. 

9. 

.101.38 

l,06lt 

1,066 

4^  bbls. 

3    bbls. 

10. 

.330.27 

1,300 

1,070 

Ibbl. 

abandoned. 

11. 

.111.13 

1,200 

1,189 

potoerful  gas  bUne. 

12. 

.216.50 

1,212 

l,095i 

12  bbls. 

13  bbls. 

13. 

.426.38 

1,402 

1,076 

3  bbls. 

2  bbls. 

14. 

.359.89 

? 

to  be  sunk  to  4th  sand. 

•  See  Proc.  A.  P.  S. ,  vol.  10,  p.  61. 
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From  tlie  above  table,  it  appears  that  all  the  oil-producing  wells  men- 
tioned in  it  get  their  supply  from  one  stratum  lying  in  an  undisturbed 
»nd  horizontal  position,  varying  in  their  actual  depths  below  a  fixed 
datum  level  from  1,113  to  1,0^6  feet,  a  difference  of  only  40  feet.  This 
difference  is  due  to  three  causes,  viz.  : — ^1.  The  different  depths  in  the 
oil-besring  stratum  penetrated  by  the  bottom  boring  of  the  wells ; 
3.  The  sliglit  inequalities  in  the  upi)er  surface  of  the  stratum  ;  3.  And 
chiefly,  to  a  general  slight  dip  of  the  rocks,  both  from  the  northwest  and 
from  the  southeast,  in  towards  the  centre  line  or  axis  of  the  trough  or 
basin  which  here  crosses  the  Allegheny  River  in  its  northeast-southwest 
course  ;  and  also  to  a  still  slighter  and  almost  insensible  decline  of  the 
axis  of  the  basin  itself  southwestward. 

The  table  also  confirms  what  was  proven  years  ago,  long  before  the  fact 
was  acknowledged  by  oil  men,  namely,  that  it  makes  no  difference  whether 
a  well  is  started  in  the  valley  bottom  or  on  the  hill  tops,  provided  it  goes 
down  to  the  uniform  and  nearly  horizontal  bil-bearing  sandrock.  For 
some  of  these  wells  have  their  mouths  at  elevations  more  than  300  feet 
greater  than  others.  Some  on  the  river  bank,  and  others  high  up  at  the 
heads  of  side  ravines.  The  great  No.  8  well  was  commenced  at  an  eleva- 
tion '  879 — 96=)  288  feet  higher  than  those  on  the  river  bank  which  yield 
only  from  one  to  three  barrels  a  day. 

Tlie  following  table  shows  the  thickness  of  the  third  sandrock  where  it 
was  passed  entirely  through  :• 

No.  2. — No  sandrock  found  and  no  oil. 

No.  4. — Sandrock,  26  feet ;  hard  fine  white  sand. 

No.  5. — Sandrock,  27  feet ;  fine  pebbles. 

No.  6. — Sandrock,  16  feet ;  with  slate  partings. 

No.  7. — Sandrock,  27  feet ;  pebbles  pretty  coarse. 

No.  8. — Sandrock,  very  coarse  and  open. 

No.  9. — Sandrock,  pebble  very  fine  and  close,  very  little  gas. 

No.  10. — Sandrock,  10  feet ;  pebbles  pretty  fine,  except  in  one  thin 
streak. 

No.  11. — ^To  sandrock,  no  oil,  but  great  gas  blow,  doubtless  from  a 
Assure. 

No.  12. — ^Sandrock,  17  feet,  all  pebbles  ;  steady  flow  of  oil. 

No.  13. — Sandrock,  13  feet ;  coarse  open  pebbles ;  and  a  fair  amount  of 
gas. 

No.  14.-»-Sandrock,  13  feet ;  large  coarse  pebbles ;  fair  amount  of  gas- 
Other  noteworthy  facts  are  as  follows  : 

No.  1  well,  on  the  river  bank,  one  half  mile  above  the  rolling  mill,, 
begun  March,  1865,  finished  1866. 

No.  2  well,  at  the  mouth  of  Cove  Run,  May^  1866-^une,  1870. 

No.  3  well,  on  the  river  above  the  mill,  commenced  August^  1868 — 
pumping  in  September,  1872,  1  barrel  a  day. 

Xo.  4  well,  on  the  river  above  the  mill,  May,  1869— March,  1870.  Cost 
$10^405.     Record  of  strata  given  below. 
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No.  5  well,  on  the  river  above  the  mill,  June,  1869  —April,  1870.  At 
931  feet  struck  so  powerful  a  gas  vein,  that  the  bore-hole  was  deluged 
with  water  and  abandoned  for  four  months.  In  June,  1871,  a  three  quart 
nitro-glyeerine  torpedo  was  exploded  without  increasing  the  production 
of  oil.     Th3  pebble  rock  was  almost  as  fine  as  sea-sand. 

No.  6  well,  on  Queenstown  Run ;  August,  1870— April  5,  1871 ;  drilled 
with  the  water  cased  out ;  all  the  previous  wells  were  drilled  in  water ; 
casing  commenced  at  357  feet ;  not  much  gas. 

No.  7  well,  on  Queenstown  Run ;  August  7, 1870 — March  1, 1871 ;  water 
^ased  out  at  512  feet ;  some  gas  at  1,050 ;  commenced  pumping  about  9 
barrels  a  day,  and  has  produced  up  to  September  7,  1872,  4,133  barrels. 

No.  8  well,  on  Qoeenstown  Run ;  June  26,  1871— September  22,  1871 ; 
water  cased  out ;  first  show  of  oil  September  22,  and  began  to  fill  up  very 
slowly.  At  12.85  A.  M.,  September  23,  struck  a  vein  of  gas  and  oil 
which  spouted  over  the  top  of  the  derrick,  and  was  fired  by  the  night  lamp 
hung  in  the  derrick,  burning  the  rigging  down-  The  spouts  oecured 
every  two  minutes.  At  9  A.  m.  the  fire  was  extinguished  and  the  oil 
began  to  fill  the  tank  at  the  rate  of  35  barrels  an  hour,  but  gradually 
calmed  down  to  about  60  barrels  a  day  during  the  first  month,  ainl  October 
22  ceased  to  flow.  Tubeing  and  sucker  rods  were  then  put  in,  and  she 
began  to  flow  agsun  at  the  rate  of  150  barrels  a  day. 

This  well  has  been  cleaned  out  many  tinfts  to  keep  her  in  good  running 
order.  Immediately  after  any  one  such  cleaning  she  produces  from  70 
to  90  barrels  a  day,  and  gradually  falls  off  to  about  20  to  25,  when  it  is 
understood  that  she  again  needs  cleaning.  In  fifty  weeks  she  has  pro> 
duoed  9,505  bamels.     There  is  not  much  gas  except  when  flowing. 

No.  9  well,  on  the  river  opposite  Catfish  ;  June  24,  1871 — October  24, 
1871 ;  water  cased  out ;  cost  $5,750. 

No.  10  well,  on  Lower  Campbell  Tract ;  July  10,  1871— May  22,  1872 ; 
water  cased  out.  After  passing  through  third  sand  at  1,300  feet,  put  in 
a  4  quart  torpedo,  which  seemed  to  have  very  little  effect.  Sand  pumped 
for  two  days  afterwards  and  found  that  she  filled  up  with  less  than  a  bar- 
rel of  oil  per  day,  and  thei^pfore  concluded  it  was  useless  to  tube  her. 
Not  much  gas  at  any  time. 

No.  11  well,  on  river  half  mile  below  the  mill ;  August  24,  1871 — June 
24,  1872  ;  water  eased  out  at  437  feet,  Struck  very  heavy  vein  of  gas  at 
858  feet. 

The  gas  from  this  well,  by  calculation,  would  supply  fuel  to  run  the 
rolling  mill  and  machine  shop  boilers,  being  therefore  equal  to  100  tons 
of  coal  per  week. 

The  pressure  of  gas  would  sometimes  lift  the  tools  20  or  30  feet  in  the 
hole,  tools  weighing  1,700  pounds  and  rope  300  pounds.  The  flow  of  gas 
is  enormous  and  continuous. 

No.  12  well,  on  Queenstown  Run ;  December  9,  1871 — April  12,  18i'5'2 ; 
water  cased  out  at  394  feet.    Struck  heavy  vein  of  gas  February  2,  at ' 
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735  feet,  which  caused  a  flow  of  water  until  March  1,  when  casing  was 
put  in  and  the  water  stopped  off. 

Struck  oil  at  the  top  of  third  sand  April  4,  at  1,183  feet,  the  rock  being 
nearly  all  good  pebble  rock ;  after  passing  through  it  (1,200  feet)  drilled 
12  feet  into  slate  for  a  pocket ;  tubed  well  April  12  ;  commenced  pumping 
12  barrels  a  day,  and  the  well  is  now  doing  13  barrels.  Much  gas  all  the 
time.     Cost  |0,557. 

No.  13  well,  on  Queenstown  Run ;  January  2,  1872— May  8,  1872 ; 
water  cased  out  at  290  feet.     Best  show  of  oil  at  1,390.     Cosit  $6,671. 

No.  14  well,  on  Queenstown  Run  ;  June  11,  1872— September  2,  1872 ; 
If  ater  cased  out  at  227  feet.    Little  oil  in  third  sand ;  will  push  it  deeper. 

It  only  remains  to  give  vertical  sections  of  the  Measures  passed  through, 
premising,  that  the  Great  Conglomerate  No.  XII,  the  base  rock  of  the 
Coal  Measures  forms  the  low  cliffs  at  water  level  in  the  river  valley ;  all 
tlie  bills  being  built,  up  of  the  nearly  horizontal  Lowdr  Coal  Measures  or 
Allegheny  River  System,  and  the  underground  of  Sub-Carboniferous  and 
Devonian. 

The  following  records  of  wells  No.  4  and  No.  5  of  the  foregoing  descrip> 
tion  were  made  from  labels  on  sample  bottl|^  marked  daily  by  the  well 
drillers,  and  are  ndt  supposed  to  be  perfectly  reliable,  but  are  neverthe- 
less for  the  most  part  accurate  notations  of  the  character  Of  the  Sub-car- 
boniferous and  Upper  Devonian  Measures  penetrated  in  reaching  the 
oil-bearing  strata. 

RECORD  OF  OIL  WELL  NO.  4. 

Struck  the  ^^ mountain  sandrock^^  at  a  depth  of  50  feet. 

Got  through  it  at 240  feet. 

Gr^y  sand  at 898  *' 

Grey  sand  at • 933  " 

Grey  sand  at 940  " 

Dark  gray  sand 944  " 

Black  slate 947  " 

Dark  rock 952  " 

D^rk  rock 955  ** 

Gray  sand 965  ** 

Slate  rock 976  " 

Black  rock 992  " 

Black  sand 998  " 

Greysand 1,008  " 

Grey  sand 1, 003  " 

Blue  sand,  hard 1, 005  " 

Black  sand,  hard 1,008  " 

Blue  sand,  pretty  hard 1,012  ** 

Slate  rock .....:....  1,015  " 

Hardsand 1,038  " 

Sand 1,085  " 
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Sandrock 1,100  feet. 

Red  sandstone 1,126  ** 

Black  sand 1,140  ** 

Grey  sand 1,141 .  ** 

Grey  sand 1,143  '* 

Mud ; , 1,144  " 

Blue  slate 1,145  ** 

Soft  slate 1,146  •* 

Soft  slate 1,147  ** 

Shelly ; 1 ,  148  *  * 

Slate 1, 150  *  * 

Slate  rock 1,152  " 

1,162  '' 

♦*        1,165  ** 

Shelly  rock 1,172  *' 

Slate  rock 1,176  '* 

•    **        1,181  ** 

1,18»  *' 

"         .• 1,191  " 

Blue  slate 1,194  " 

1,197  *' 

Shelly  rock 1,211  ** 

Traces  of  oil 1,220  ** 

Slate 1,235  '* 

Slate  rock 1,248  " 

Dark  slate 1,262  •' 

Slate— well  abandoned  at 1,260  ** 

R]£cORD  OF  WELL  NO.  5. 

Struck  the  mountain  sandrock  at 4^  feet. 

Got  through  it  at 215  ** 

Grey  sand 350  " 

Slate  rock 400  ** 

**         440  " 

Soft  slate  rock 460  ** 

Grey  rock 490  ** 

Slate  rock ; 510  *• 

Slate  shells 530  " 

Slate  rock .' 560  " 

580  " 

"        620  " 

Shell  r(.ck 640  " 

Slate  rock 660  " 

"        670  *' 

"        690  " 

"        710  '* 
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Sandrock 715  fc^t. 

*'       720  ♦* 

730  •* 

Slate  rock 745  " 

Bed  rock 750  ** 

Pebblerock 775  ** 

Sandrock 779  •* 

"       780  ** 

....T 790  ** 

Slate  rock 795  ** 

Sandrock ' 805  ** 

Bed  rock — 

Grey  sand 808  *' 

Sandrock / 812  ** 

" 815  ** 

•  "       820  " 

**       822  ** 

" 824  " 

"       826  « 

Bed  rock — 

White  sand 825  ** 

Rock 830  *' 

" 840  " 

Grey  sand 844  '* 

847  ** 

"        848  " 

Sandrock 850  " 

Bluerock , 855  " 

Sandrock 860  ** 

Black  sand 865  " 

Sandrock 896  *' 

"        930  " 

Bed  rock — 

Sandrock 939  *' 

940  *' 

941  ** 

943  " 

Shelly  rock 948  '* 

951  " 

"        954  ** 

Slate  Rock 965  *' 

Bed  rock 972  *' 

Hard  sand 986  ** 

Soft  sand 998  " 

Dark  rock. 1,018  ** 

Bed  sandrock 1,036  ** 
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Slate l,050fet't. 

Shelly  rock 1,055   ** 

THIRD  SAND  rock 1,073     * 

Sandrock 1,076   ** 

" 1,078    ** 

Slate  and  shelly 1,084   ** 

Pebble  rock 1,085   *• 

"        1,090   •* 

Sandrock ,..  1,092   ** 

**        Tubedwell 1,100   ** 

and  began  pumping  about  7  barrels  in  24  hours. 

It  is  a  pity  that  the  above  records  are  so  defective.  The  intervals 
between  the  numbers  given  are  in  many  cases  large  and  not  noted,  and 
must  not  be  taken  as  the  ihicknes$eg  of  the  rocks  named. 

There  is,  however,  a  positive  value  in  all  such  records,  however  defective, 
as  may  be  noted  by  the  recurrence  of  the  red  rocks  in  the  above  lists. 
These  may  define  the  position  of  tlie  great  red  formation  of  the  Palseozoic 
series  No.  IX  of  the  Pennsylvania  State  Survey,  the  representative  of  the 
Old  Red  Sandstone  of  English  geologists,  and  the  Catskill  Formation  of 
the  New  York  geologists. 

In  Well  No.  4  it  is  noted  once  only  as  being  struck  at  1,126  feet. 

In  WeU  No.  5  it  appears  at  750,  805,  826,  980,  972  and  1,026  feet 

The  thickness  of  the  Conglomerate  No.  XII  is  accurately  determined 
in  WeU  4  at  190  feet,  and  in  Well  5  at  170  feet. 

The  thickness  of  the  Conglomerate  No.  XII  in  the  salt  well  45  miles 
further  down  the  river,  as  determined  (not  with  entire  accuracy;  from 
the  Record,  published  on  p.  65,  vol.  X.,  of  the  Proceedings  A.  P.  S., 
April  1865,  is  494^-334^  —  160  feet ;  or,  if  the  top  of  XII  be  pUiced  at 
th^  "White  Sand"  44bi  and  all  the  **Gi-ay  Sandrocks"  be  included 
down  to  666'ai,  —  220  feet. 

At  Sligo  Furnace  on  the  Clarion  (p.  63,  vol.  X.),  the  Conglomerate  No. 
XII,  seems  to  be  only  117  feet  thick,  soft  red  slate  of  XI  under  it  only 
3  feet  thick,  and  the  red  and  blue  slates  of  IX  lie  78&— 183  —  603  feet 
below  its  base,  or  720  feet  below  its  top. 

The  resemblance  of  this  to  the  record  of  Well  No.  5,  given  above,  is 
very  observable.  Thus,  in  Well  No.  5,  the  red  rocks  of  IX  are  first 
struck  at  750 — 15  —  715  feet  beneath  the  top  of  the  Conglomerate. 

In  the  Sligo  Well  (15  or  20  miles  to  the  northeast  of  it),  the  top  of  the 
red  rocks  is  786 — 66  —  720  feet  beneath  the  top  of  the  Conglomerate. 

In  the  Well  No.  5,  the  redrocks  are  noticed  at  intervals  from  750  to 
1026  —  276  feet. 

In  the  Sligo  Well,  the  red  rocks  occupy  an  interval  of  only  118  feet 

It  must  be  taken  into  consideration,  however,  that  the  lowest  red  rocks 
of  the  well  No.  5  may  represent  not  No.  IX,  but  the  Red  Beds  of  VIII, 
described  in  my'  report  to  Professor  H.  D.  Rodgers,  in  1841,  and  pub- 
lished in  his  Final  Report  of  the  Geology  of  Pennsylvania,  under  the 


Digitized  by 


Google 


1872.]  Oby  [Liesley. 

head  of  the  Geology  of  the  Wellsborough  Valley  or  Tioga  River  District 
in  Tioga  County.  To  trace  the  thinning  away  of  these  calciferous  and 
ferriferous  red  beds  of  VIII  (Lower  Divonian)  on  their  way  towards  Ohio, 
underground,  is  one  of  the  desiderata  of  American  geology. 

Other  well-boring  records  are  published  on  pages  227  if,  vol.  X,  Proc. 
A.  P.  S.,  but  most  of  them  are  confined  to  the  Coal  Measures.  Those  on 
p.  238  if,  however,  penetrate  the  Devonians  to  considerable  depths  and 
show  the  red  rocks  in  positions  analogous  to  those  described  above. 

In  one  well,  at  the  head-waters  of  the  Clarion,  the  mouth  of  the  well 
being  370  feet  below  a  coal  bed,  and  also  below  the  bottom  of  XII,  the 
red  rocks  of  IX  (?)  occur  from  216  to  415  =-  an  interval  of  200  feet, 
which  is  about  the  normal  thickness  of  IX  in  this  zone  of  its  decresence 
•westward.  The  Manchester  (Tioga  river)  red  beds  (?)  were  struck  at  in- 
tervals from  925  to  956  —  41  feet,  t.  e.,  with  an  interval  of  510  between 
their  top  and  the  bottom  of  IX. 

In  the  Glade  Well  near  Pithole  (page  241,  vol.  X),  in  the  Oil  Creek 
country,  the  red  slates  were  first  struck  at  196  and  got  through  at  318, 
the  interval  being  122  feet.  Some  red  shale  was  then  struck  near  the 
well  bottom  (abandoned,  no  oil)  at  612,  i.  «.,  294  feet  below  the  bottom 
of  the  upper  red  shales. 

These  also  probably  represent  IX  and  the  Manchester  i-ed  beds,  with  a 
diminished  interval  due  to  westing. 

These  red  rocks  correspond  to  the  Marshall  group  of  Michigan,  of 
Winchell  (Proc.  A.  P.  S.,  vol.  XI.,  p.  74),  the  Gritstone  redrocks  above 
and  the  Chocolate  shales  below  (the  latter  just  over  the  Hamilton)  in 
Ohio  (Idem,  p.  75),  and  to  the  Brown  shales  of  the  Keokuk  group  of 
Indiana.  They  are  very  noticeable  to  the  traveller  on  the  railways  cross- 
ing Northern  Ohio. 

Note. — I  have  received  the  following  letter  of  explanation  respecting 
the  wells  at  Brady's  Bend  : 

St.  Louis,  Mo.,  November  13,  1872. 
Dear  Sir : — The  detailed  surveys  were  begun  and  mostly  made  under 
my  direction,  and  the  wells  Nos.  6,  7,  8  and  9  were  located  by  me.  This 
would  be  of  no  interest  to  you  or  the  public  were  it  not  that  the  location 
of  these  wells  was  the  result  of  a  long,  carefully  pursued,  and  at  least 
apparently  successful  investigation  into  the  laws  of  the  distribution  of 
the  oil  in  the  **sandrocks." 

You  had  already  shown  that  these  rocks  existed  there  and  at  what 
depth,  and  had  also  shown  that  the  general  stratography  of  the  district 
rendered  it.  reasonably  certain  that  oil  would  be  found  there,  and  this  had 
been  confirmed  by  the  results  of  boring  in  the  case  of  two  of  the  five  wells 
sunk. 

I  tried  to  find  the  law  of  distribution  in  its  application  to  nari'ower 
limits,  so  as  to  decrease  Co  the  utmost  the  risks,  and  increase  to  the 
utmost  the  chances  in  sinking  wells. 

Of  the  five  sunk  before  I  went  there,  two  were  productive ;  of  the  four 
sunk  since  I  left,  one  is  productive ;  of  the  four  I  located,  namely,  Nos. 
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6,  7,  8  and  9,  all  are  productive.  Ko.  9,  which  is  the  least  productive  of 
the  four,  was  located  under  restriction  to  the  Lower  Campbell  tract. 
No.  8,  the  most  productive,  was  the  last  one  I  located  without  restriction. 
Nos.  6  and  7  were  both  down  before  any  other  well  was  started  in  the 
Whiskey  Run  or  Queenstown  Run  field.  The  same  principles  which 
guided  the  locating  these  wells,  led  me  to  advise  the  Brady's  Bend  Iron 
Company  against  trying  the  Upper  Campbell  tract,  and  the  results  of 
boring  there  by  other  parties  have  confirmed  their  correctness,  and  there 
have  been  so  many  confirmations  that  my  confidence  in  the  piinciples 
amounts  to  conviction. 

In  opening  the  Whiskey  Run  or  Queenstown  Run  field,  I  simply  fol- 
lowed the  general  line  of  strike  from  the  Armstrong  Run  field;  but  in 
locating  individual  wells  I  sought  lines  and  areas  of  deposition  of  coarse* 
pebbles  in  the  **sandrocks"  out  of  broken  condition  of  the  **sandrocks." 

I  had  not  so  far  completed  the  research  into  the  laws  which  govern  the 
direction  and  position  of  these  lines  and  areas  that  I  felt  free  to  com- 
municate them  when  I  left  the  oil  country,  but  hope  to  push  the  inves- 
tigations further  hereafter.  Meanwhile  it  may  be  of  some  interest  that 
the  above  results  have  followed  an  effort  pursued  by  scientific  methods 
to  find  and  apply  such  laws. 

Yours,  very  respectfully, 

JAMES  E.  MILLS, 
Vice  President  Big  Muddy  Iron  Company. 


Stated  Meeting^  November  15/A,  1872. 

Present,  nine  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  photograph  of  Mr.  H.  M.  Phillips  was  received  for  in- 
sertion in  the  Album. 

Letters  accepting  membership  were  received  from  Mr. 
Isaac  Xorris,  Jr.,  dated  Philadelphia,  October  Slst,  1872, 
and  from  Mr.  A.  J.  Cassatt,  dated  2030  Delancey  Place, 
Philadelphia,  November  6th,  1872. 

Letters  of  acknowledgment  were  received  from  the 
Smithsonian  Institution  (Proc,  No.  78),  and  the  Nat.  Verein 
at  Bremen  (87),  September  7th,  1872. 

Donations  for  the  Library  were  reported  from  the  St. 
Petersburg  Observatory;  Antiquarian  Society  at  Copen- 
hagen; R.  Academy  at  Berlin;  German  Anthropological 
Society ;  Museum  of  Natural  History  at  Paris ;  Paris  An- 
thropological Society ;  Annales  des  Mines ;  Revue  Politique; 
Nature ;  L.  &  H.  S.  Quebec ;  Boston  S.  N.  H.;  Yale  College; 
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American  Chemist;  Penn  Monthly;  Am.  J.  of  Pharmacy; 
Medical  News;  Academy  of  N.  S.  Philadelphia;  and  Dr. 
Jarvis,  of  Dorchester,  Mass. 

The  death  of  Gen.  George  Gordon  Meade,  on  the  6th  in- 
stant, at  Philadelphia,  aged  56,  was  announced  by  Mr.  Trego. 
On  motion,  Gen.  A.  A.  Humphreys  was  appointed  to  pre- 
pare an  obituary  notice  of  the  deceased. 

Mr.  Gabb  described  the  results  he  arrived  at  in  making  up 
a  summary  from  tables  of  undoubted  Miocene  fossils,  col- 
^  lected  by  him  during  three  years  of  exploration  in  Santo 
Domingo.  These  tables  double  the  fauna  hitherto  de- 
scribed. Instead  of  the  normal  percentage  of  extinct  to 
recent  species  according  to  Lyell's  formulas,  it  appears  that 
the  San  Domingo  Miocene  holds  217  extinct  and  97  living 
forms;  these  living  forms  existing  on  both  sides  of  the* 
present  barrier  of  Central  America,  on  top  of  which  barrier 
lie  Miocene  rocks.  Mr.  Gabb  stated  that  he  had  just  fin- 
ished the  study  of  the  Miocene  Fossil  MoUusca,  collected 
during  his  recent  geological  examinations  in  Santo  Domingo.. 
He  found  217  extinct  species,  and  97  which  he  recognized! 
as  living;  15  of  these  latter  are  peculiar  to  the  "Panama 
Province,"  having  disappeared  from  the  Caribbean  waters 
since  the  Miocene  period.  One  or  two  are  found  in  the 
Eastern  seas  only,  and  others  are  now  living  on  the  opposite 
side  of  the  Atlantic,  or  on  the  Atlantic  coasts  of  North  and 
South  America;  while  still  others  are  closely  allied  to  spe- 
:*ies  or  belong  to  genera  only  living  at  present  in  the  seas  of 
Australia  and  Southern  Asia. 

The  most  interesting  feature  connected  with  these  fossil^s, 
however,  is  that  notwithstanding  the  proportion  of  liv- 
ing to  extinct  forms  is  about  one-third,  yet,  from  the  "  facies'' 
of  the  collection,  from  the  presence  of  antique  types  among 
the  genera,  and  from  the  vertebrate  remains,  such  as  Car- 
charodon^  Megalodon  and  other  well-known  Miocene  species, 
there  seems  little  doubt  but  that  the  formation  was  correctly 
referred  to  that  age  by  previous  writers,  such  as  J..  Carrick 
Moore,  Etheridge,  and  Duncan. 

Lyell  established  the  rule  many  years:  ago,  that  the  typi- 
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cal  Miocene  contains  but  17  per  cent,  and  the  Pliocene  from 
85  to  50  per  cent,  of  living  species.  But  that  rule,  while  ic 
applies  perfectly  well  to  the  local  deposits  on  which  it  was 
])ased,  is  too  empirical  to  be  followed  elsewhere,  except  in  a 
very  general  manner  and  where  the  other  data  are  in  accord. 
An  essential  objection  to  the  numerical  rule  exists  in  the 
dilFerent  values  that  students  place  on  specific  characters, 
^o  two  writers  agree  on  this  subject.  Besides,  as  regions 
become  more  thoroughly  worked  up,  discoveries  of  additional 
fossils,  or  the  finding  of  living  species,  previously  known 
only  as  fossils,  vary  the  proportions  constantly.  The  general 
'/leductions,  therefore,  drawn  by  an  experienced  palaeontolo- 
gist from  large  collections,  are  safer  guides  than  any  table 
x)f  percentages. 

Mus.  CoMP.  Zoology,         ) 
Cambridge,  Mass.,  Dec.  3,  1872.  ) 
My  Dear  Prof.  Lesley  : 

The  steamer  did  not  sail  on  Saturday  and  I 
'have  availed  myself  of  the  delay  to  run  up  here.  It  was  very  fortunate, 
since  I  have  had  the  opportunity  of  seeing  Dr.  G.  A.  Maack,  and  of 
learnincr  from  him  some  of  his  geological  results  on  the  late  Selfridge 
Expedition  on  the  Isthmus.  Please  have  the  following  note  added  to 
•my  paper,  with  the  permission  of  the  Society  : 

The  results  of  the  explorations  of  Dr.  Maack  last  year,  on  the  Isthmus 
<of  Darien,  put  at  rest  the  question  of  the  late  geological  origin  of  the 
Isthmus.  Ho  found  three  late  Tertiary  strips  extending  entirely  across, 
proving  three  channels  at  least  in  the  Miocene,  and  some  of  the  deposits 
indicate  a  much  later  era  of  elevation.  One  of  these,  10  miles  inland 
from  Panama,  evidently  Post  Pliocene,  is  at  least  150  feet  above  the  tide. 
In  a  very  cursory  examination  of  his  fossils  I  detected  the  following 
species,  also  found  in  Santo  Domingo  : 

Melongena  melongena. 

Murex  i-ecui-virostris. 

Malea  ringens. 

Terebra  robusta, 

Conus  pyriformis. 

Natica  sulcata. 

Cerithium  plebium. 

Turritella. 

Cypraea  exanthemata  (v.  cervinella). 

Venus  paphia. 

Cardium  Haytense. 

Pecten  papyraceus.  « 

Dr.  Maack  in  his  report  caUs  the  older  beds  of  Panama,  Pliocene.  They 
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seem  to  me  nearer  in  age  to  the  rocks  which,  in  Santo  Domingo,  I  called 
Miocene,  but  whatever  be  their  real  age,  the  one  fact  is  well  established  : 
The  Isthmus  was  elevated  at  a  period  not  remote  from  the  age  of  the 
great  volcanic  outflow  of  the  Sierra  Nevada. 

Yours,  sincerely, 

W.  M.  OABB. 

The  minutes  of  the  Board  of  Officers  and  Council  were 
read. 

Pending  nominations,  703  to  707,  and  new  nominations, 
708,  709,  710,  were  read. 

And  the  Society  was  adjourned. 


Stated  Meeting^  December  Qth^  1872. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Mr. 
Broca,  dated  Paris,  November  14th,  and  Mr.  Hale,  dated 
Clinton,  Ontario  County,  Canada,  November  26th,  1872. 

Photographs  of  Mr.  B.  S.  Lyman  and  Mr.  W".  M.  Gabb 
were  received  for  the  Album. 

A  letter  desiring  the  establishment  of  correspondence,  was 
received  from  Mr.  W".  A.  Smith,  Secretary  of  the  Tennessee 
Philosophical  Society,  dated  Columbia,  Tennessee,  Novem- 
ber 21st.  On  motion,  the  Society  named  was  ordered  to  be 
placed  on  the  list  of  correspondents  to  receive  the  Pro- 
ceedings. 

A  letter  from  M.  de  Koninck,  dated  Liege,  September  3d, 
requesting  the  Society  to  supply  deficiencies  in  his  suite  of 
its  Proceedings,  was  read,  and,  on  motion,  the  request 
granted. 

Letters  of  acknowledgment  were  received  from  the  Caro- 
linian University,  at  Lund,  August  Ist  (XIV.,i.  ii.,73  to  85) ; 
the  Physical  Society,  at  Berlin,  September  1st  (XIV., i.  ii.,88 
to  86) ;  the  Society  at  Bonn,  August  6th  (84  to  86) ;   the 
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Batavian  Society,  at  Rotterdam,  August  29th  (XIV.,  iii.,  87) ; 
the  Holland  Society,  at  Harlem  (86),  requesting  a  supply  of 
deficient  parts ;  the  R.  Library,  at  the  Hague,  July  24th 
(XIV.,  iii.,  87);  and  the  Rhode  Island  Historical  Society, 
Providence,  November  19th  (88). 

On  motion,  the  request  of  the  Holland  Society,  at  Harlem, 
was  referred  to  the  Publication  Committee,  with  power  to 
act. 

Letters  of  envoy  were  received  from  the  University  of 
Lund,  August  Ist;  the  Physical  Society  of  Berlin,  Septem- 
ber 1st ;  the  Royal  Academy,  at  Amsterdam,  September  15th  ; 
the  Batavian  Society,at  Harlem  ;  and  the  Holland  Society,  at 
Harlem,  December  28th,  1871,  and  June  1st,  1872. 

Donations  for  the  Library  were  reported  from  the  Im- 
perial and  Royal  Academies  at  St.  Petersburg,  Turin,  and 
Amsterdam;  the  Societies  at  Moscow,  Bremen,  Bonn,  Har- 
lem, the  Hague,  Leeds,  Quebec,  and  Salem ;  the  Geological 
Institute  at  Vienna ;  the  Physical  Society  and  German  Geo- 
logical Society  at  Berlin ;  Dr.  C.  P.  Naumann  at  Leipsic ;  the 
Astronomical  Observatory  at  Turin ;  the  Revue  Politique  5 
London  Nature;  Lund  University;  M.  L.  de  Koninck  at 
Li^ge ;  the  Royal  Astronomical  Society ;  Old  and  New ;  Amer- 
ican Journal  of  Science ;  the  American  Oriental  Society ;  the 
Cornell  Era ;  the  Franklin  Institute ;  the  Medical  News ; 
and  the  Philosophical  Society  of  Washington. 

The  death  of  Mrs.  Mary  Somerville,  a  member  of  this  So- 
ciety, aged  92,  was  announced  by  the  Secretary. 

A  letter  was  read  by  the  Secretary  from  Mr.  Gabb,  dated 
Museum  of  Comparative  Zoology,  Cambridge,  Mass.,  De- 
cember 3d,  giving  additional  imformation  respecting  the 
date  of  the  emergence  of  the  Isthmus  of  Panama,  in  a  note 
to  be  added  to  his  memoir  on  the  Geology  of  Santo  Do- 
mingo. 

The  Annual  Report  of  the  Treasurer  was  read. 

The  Annual  Report  of  the  Publication  Committee  was 
read. 

Pending  nominations,  Nos.  703  to  710,  and  new  nomina- 
tions, Nos.  711,  712,  were  read.    * 
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The  following  resolution  was  offered  by  Mr.  Price  and 
agreed  to,  and  the  accompanying  letter  ordered  to  be  placed 
upon  the  minutes : 

Resolved,  That  the  Curators  be  authorized  to  deliver  the  Continental 
Congress  Chair  to  the  Mayor,  taking  an  acceptance  of  it  from  Councils, 
that  it  shall  be  placed  in  Independence  Hall,  subject  to  be  reclaimed  at 
any  time  by  this  Society. 

To  Ron.  William  S.  Stokely,  Mayor  of  the  City  of  Philadelphia  : 

We  herewith  deliver  into  the  custody  of  the  City  of  Philadelphia  an 
Arm  Chair  used  by  the  Continental  Congress,  now  belonging  to  the  Amer- 
ican Philosophical  Society,  that  it  may  be  placed  in  the  Hall  of  Indepen- 
dence, and  accepted  by  Councils,  subject  to  be  at  any  time  reclaimed  by 
said  Society. 

(Signed)  JOSEPH  CARSON,       ^ 

ELIAS  DURAND,         j.  Curators. 
HECTOR  TYNDALE,  J 
December,  1872. 

The  Librarian  stated  that  a  large  number  of  books  and 
brochures  needed  binding;  that  the  book-cases  had  again 
become  overcrowded  by  accessions;  that  certain  classes  of 
books  were  seldom  or  never  referred  to ;  that  the  catalogue 
in  MS.  of  the  Theological  books  and  pamphlets  was  nearly 
finished;  and  suggested  that  the  book-cases  might  be  re- 
lieved and  a  benefit  be  conferred  on  learning  by  depositing 
the  Chemical,  Mineralogical,  and  Geological  books,  tempo- 
rarily, in  the  new  building  of  the  University  of  Pennsyl- 
vania, 

On  motion  of  Mr.  Ruschenberger,  it  was 

Resolved,  That  the  Committee  on  the  Library  be  requested  to  consider 
the  expediency  of  depositing  in  the  library  of  the  University  of  Pennsyl- 
vania certain  books  now  in  the  library  of  the  Society,  which  are  not  much 
called  for ;  and  in  case  they  sliall  deem  the  same  expedient,  then  to  report 
a  plan  for  carrying  the  same  into  effiect,  which  will  insure  the  use  of  the 
books  to  the  members  of  the  Society,  and  also  provide  for  the  safe  keej)- 
ing  of  the  books  so  deposited,  and  their  return  to  the  Society  when  ealkd 
for* 

And  the  Society  was  adjourned. 
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Stated  Meeting^  December  2Qth,  1872. 

Present,  13  members. 

Vice  President,  Prof,  J.  Cresson,  in  the  Chair. 

A  letter  from  the  Librarian  of  the  Pennsylvania  Histori- 
cal Society,  dated  Philadelphia,  Dec.  13,  was  read,  requesting 
the  completion  of  their  set  of  Transactions  and  Proceedings 
A.  P.  S.,  which  on  motion  was  granted,  and  the  Librarian 
authorized  to  act  accordingly. 

Letters  of  similar  import  from  the  Cornell  University  and 
State  Normal  School  at  Fredonia,  were  on  motion  referred 
to  the  Publication  Committee  with  power  to  act. 

A  letter  of  envoy  was  received  from  Mr.  Thomas  Bland, 
Xew  York,  42  Pine  Street,  Dec.  16th,  on  the  part  of  Gov. 
Rawson,  of  Barbadoes,  presenting  to  the  Society's  Library 
a  copy  of  his  report  on  the  population  of  the  island. 

The  death  of  a  member,  Mr.  Thomas  Sully,  at  Philadel- 
phia, on  the  6th  ult.,  aged  89  years,  was  announced  by  the 
Secretary. 

The  death  of  a  member.  Dr.  Rene  La  Roche,  at  Philadel- 
phia, on  the  9th  inst.,  aged  77  years,  was  announced  by  Mr. 
Fraley,  and  on  motion.  Dr.  Carson  was  appointed  to  prepare 
an  obituary  notice  of  the  deceased. 

The  death  of  a  member,  Dr.  Samuel  L.  Hollingsworth,  at 
Philadelphia,  on  the  14th  inst.,  aged  57  years,  was  an- 
nounced by  Mr.  Fraley. 

Mr.  Cope  desired  to  place  on  record  an  abstract,  which  he 
communicated  orally,  of  a  paper  on  the  Zoological  Divisions 
of  the  Earth,  as  proposed  by  Slater,  Uuxley  and  others, 
giving  his  preference  to  that  of  Slater,  and  citing  the  num- 
bers of  species,  et<;.,  already  described. 

Dr.  Wilcox  exhibited  a  Japanese  Magic  Mirror,  the  prop- 
erty of  E.  C-  Bittinger,  U.  S.  X.,  and  carrying  ou  its  back 
side  the  inscription  "  Elevation — In  the  dust.''  He  read  two 
letters  written  by  Prof.  John  Tyndall  to  Mr.  Alex.  Johnson, 
in  answer  to  a  request  for  an  explanation  of  the  physical 
phenomena  of  these  mirrors,  used  in  the  Buddhist  cultus. 

Prof.  Marsh  gave  a  short  account  of  the  more  remarkable 
resul*^s  of  his  explorations  in  the  Rocky  Mountains  since 
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1870,  viz.:  His  discovery  of  the  first  American  fossil  ptero- 
dactyles,  cheiroptera,  marsupials,  birds  with  biconcave  ver- 
tebrae, monkeys  (eocene)  of  low  type,  and  dinoceria,  a  new 
order  of  horned  proboscidians  with  canine  teeth. 

Prof.  Cope  dissented  from  the  propriety  of  at  present 
erecting  the  proboscidians  so  discovered  into  a  separate  order, 
merely  on  the  ground  of  their  possessing  horns  and  canines, 
and  gave  his  reasons. 

Prof.  Marsh  also  gave  an  interesting  account  of  Mr. 
Clarence  King's  detection  and  exposure  of  the  "Arizona 
Diamond  Fraud,"  and  his  own  observations  of  the  locality, 
which  is  actually  in  Colorado,  and  not  in  Arizona.  Had  the 
fraud  not  been  exposed  by  the  prompt  energy  of  Mr.  King 
before  the  setting  in  of  the  deep  snows,  great  suffering  and 
loss  of  life  and  a  vast  plunder  of  property  would  have  ensued. 
The  Report  of  the  Committee  of  Finance  was  read  by  its 
Chairman,  and  the  appropriations  for  the  ensuing  year 
recommended  therein,  were  on  motion  ordered : 

Salary  of  Librarian $700 

Salary  of  Assistant  Librarian 300 

Salary  of  Janitor 100 

Binding  Books 200 

Subscription  to  Journals 50 

Insurance 200 

HaU  Committee 200 

Petty  expenses  of  Librarian 150 

Publications  in  addition  to  the  interest  on  the  Publication 

Fund 2, 500 

General  Expenses,  including  the  Commissions  of  the  Treas- 
urer        860 

$5,310 

Pending  nominations,  Nos.  703  to  712,  and  new  nomina- 
tions, 713,  714,  were  read. 

Mr.  Fraley  reported  the  receipt  of  fr.  694.50  from  Drexel, 
Hayes  &  Co.,  agents  of  the  Society  in  Paris,  being  interest 
on  French  Eentes  placed  to  the  credit  of  the  Michaux  Leg- 
acy Fund,  of  which  fund,  he  explained,  $300  had  already  been 
paid  to  the  Park  Commissioners  to  defray  expenses  in  estab- 
lishing the  Michaux  Grove  in  the  City  Park  at  Fairmount. 

The  meeting  was  then  adjourned. 

A.  p.  S.— VOL.  XII. — 3u 
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COMMUNICATION    ON    THE    DISCOVERY   OF   NEW   ROCKY 

MOUNTAIN  FOSSILS, 

Made  by  Prof.  O.  C.  Maksh 

At  the  meeting  of  the  American  Philosophical  Society,  Dec.  20,  1872. 
Professor  O.  C.  Marsh,  of  Yale  College,  gave  a  brief  account  of  some 
of  the  more  important  results  of  his  palsBontological  researches  in  the 
Rocky  Mountain  region  during  the  last  three  years.  He  had  directed  his 
attention  mainly  to  the  extinct  vertebrates  of  the  Cretaceous  and  Tertiary 
formations,  and  had  obtained  more  than  200  species  new  to  science,  about 
150  of  which  he  had  already  described.  Among  the  new  types  of  fossil 
vertebrates  thus  discovered,  were  Pterodactyls,  or  Omithosaurians,  the 
first  detected  in  this  country.  He  had  described  three  species  of  these 
from  the  Cretaceous  of  Kansas,  all  of  gigantic  size.  Prof.  Cope  had 
subsequently  redescribed  two  of  the  species  in  the  Proceedings  of  this  So- 
ciety (Vol.  XII.  p.  420),  but  the  names  Pterodactylus  occidentalism  Marsh, 
and  P.  ingens,  Marsh,  given  in  the  American  Journal  of  Science  (Vol.  III. 
p.  241)  had  priority.  A  second  and  quite  unexpected  discovery  of  great 
interest  was  that  of  the  IchthyornidcB,  or  cretaceous  birds  with  biconcave 
vertebrsB,  two  species  of  which  Prof.  Marsh  had  recently  described.  A 
third  discovery  was  that  of  fossil  Cheiroptera,  or  Bats,  not  before  ob- 
served in  this  country.  The  three  known  species  were  found  in  the 
Eocene  of  Wyoming.  A  fourth  new  type  was  that  of  extinct  Marsupials, 
also  from  the  Eocene.  A  fifth  discovery  of  great  importance,  was  that 
of  fossil  Quadrumana,  several  genera  and  species  of  which  he  had  found 
in  the  Eocene.  Prof.  Marsh  stated  that  he  had  obtained  indications  of 
fossil  Monkeys  in  this  formation  more  than  a  year  before,  but  had  de- 
layed announcing  the  discovery  until  the  evidence  was  conclusive.  A 
sixth  new  type  of  animals,  and  perhaps  the  most  interesting  of  all,  were 
the  gigantic  Eocene  Mammals,  which  he  had  recently  assigned  to  the 
new  oi*der  Dinocerea.  These  animals  had  limb  bones  somewhat  like 
those  of  Proboscidians,  as  stated  in  the  original  description  of  the  type 
species,  Tinoceras  anceps.  Marsh.  The  skull,  however,  presents  a  most 
remarkable  combination  of  characters.  It  is  long  and  narrow,  and  sup- 
ported two,  and  possibly  three,  pairs  of  horns.  The  top  of  the  skull  was 
concave,  and  on  its  lateral  and  posterior  margin  there  was  an  enormous 
crest.  There  were  large  decurved  canine  tusks  resembling  those  of  the  Wal- 
rus, but  no  upper  incisors.  The  six  premolar  and  molar  teeth  were  quite 
small.  Several  species  of  these  remarkable  animals  have  already  been  de- 
scribed, but  at  present  they  cannot  all  be  distinguished  with  certainty.  In 
addition  to  the  type  species  already  mentioned.  Prof.  Cope  has  given  the 
name  Loxolophodon  semicinctus,  to  a  single  tooth,  which  may  possibly  be- 
long to  this  group.  Dr.  Leidy  has  described  a  characteristic  specimen  as 
Uintatherium  rohustum,  and  a  canine  tooth,  apparently  part  of  the  same 
animal,  under  another  name.  The  remarkable  feature  of  the  skull  in 
this  group  was  first  indicated  in  the  name  Tinoceras,  which  the  speaker 
had  proposed  for  one  of  the  genera.  Prof.  Cope  subsequently  proposed 
the  name  Eobasileus,  but  was  mistaken  in  regard  to  the  main  char- 
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acters  of  the  skull.  What  he  called  incisors  are  canines ;  and  •  the 
large  horns  are  not  on  the  frontals,  but  on  maxiliaries.  The  top  of 
the  skull  moreover  is  not  convex,  but  concave,  and  the  occiput  is 
oblique,  and  npt  vertical.  Prof.  Marsh  stated  that  he  had  described 
several  species  of  this  group,  one  of  the  most  singulir  of  which,  Dinoceras 
mirabiliSj  Marsh,  was  represented  in  the  Museum  of  Yale  College  by 
a  nearly  perfect  skeleton,  and  portions  of  several  others.  In  all  of 
the  species  the  limb  bones  differ  considerably  from  those  of  Probos- 
cidians, while  the  skull  is  so  totally  unlike  anything  hitherto  known, 
that  he  could  not  refer  these  extinct  animals  to  that  group,  and  hence 
had  proposed  for  their  reception  the  order  Dinoeerea, 


ON  A  SPECTROSCOPIC  OBSiJRVATION  OF  THE  AURORA  OF 
APRIL  10,  1872. 

By  Pebsifor  Frazer,  Jr. 

(Read  before  the  American  Philosophical  Society,  April  19,  1872.) 

On  the  night  of  April  10,  1872,  a  very  beautiful  Aurora  was  seen  from 
Philadelphia,  spreading  over  25^  or  30°  of  the  Northern  Heavens. 

The  night  was  clear,  and  the  wind  was  from  N.  W.  and  slightly  cool. 
A  heavy  bank  of  cloud  covered  about  one-sixth  of  the  horizon  to  the 
noi-th,  and  from  the  crest  of  this  bank  the  Aurora  seemed  to  proceed, 
shooting  up  fitfully  in  sprays  and  bundles  to  near  the  zenith,  and  travers- 
ing from  west  to  east  and  back  again  with  average  rapidity.  One  de- 
tached streamer  crossed  the  zenith  from  N.  E.  to  8.  W.,  and  remained 
permanent  in  position,  giving  only  occasional  fluctuations  of  light. 

Observations  were  eon^menced  with  a  Browning  angle  measuring  spec- 
troscope, the  light  condensed  through  a  13  foot  focus,  9  in.  diam.  lens. 

The  observations  were  made  solely  with  reference  to  the  green  line  in 
the  Aurora,  and  the  purpose  in  view  was  to  verify  or  not  the  observations 
of  Piazzi  Smith  in  regard  to  its  coincidence  with  the  green  hydro-carbon 
line  seen  at  the  base  of  every  candle  and  illuminating  gas-flame. 

Four  observations  gave  the  following  results  : 

1.  Green  line  of  Aurora 920    35'    0" 

2.  **  <*  920    35'    0" 

3.  <*  "  920    48'    0" 

4.  "  "  920    20'    0" 

« 
The  line  became  exceedingly  faint  during  the  3d  and  4th  observations 


Digitized  by 


Google 


Oope.] 


580 


SO  as  to  present  great  difficulties  in  placing  the  cross  wires  on  it,  but  as 
the  mean  of  these  deviations,  great  as  it  is,  is  very  nearly  the  two  first 
recorded,  I  have  proposed  to  let  the  late  observations  stand,  and  rate 
their  vs^ue  as  1  each,  that  of  each  of  the  first  two  being  galled  5. 

This  would  give  the  value  of  this  line  as 920  84'  49.8" 

A  series  of  careful  observations  in  the  D  lines  and 

the  F  line,  gave  as  a  mean  of  the  former 91^  52'  80" 

And  for  the  latter 950  13'  0'* 

The  angular  distance  between  D  and  F 30      20'       80" 

A  curve  was  projected  on  the  plan  now  generally  adopted  by  observa- 
tions on  some  ten  lines,  and  by  reference  to  this  parabola,  the  mean  length 
of  the  green  line  was  found  to  be  563. 

It  would  correspond  to  66  of  Roscoe  or  176.88  KirchoflF.  Lines  in  Rb, 
and  Cs,  and  Ba,  lie  very  near  it,  but  none  exactly  coincides  with  it,  nor 
is  there  any  absorption  line  in  the  Solar  Spectrum  which  does. 


NOTICE  OF  PROB08CIAN8  FROM  THE  EOCENE  OF  SOUTHERN 

WYOMING. 

By  Edw.  D.  Cope. 

(Telegram  dated  Black  Buttes,  Wyoming,  August  17,  1872,  read  by  the 
Secretary  at  the  meeting  of  the  American  Philosophical  Society,  Septem- 
ber 20th,  1872.) 

I  have  discovered  in  Southern  Wyoming  the  following  species  :  Loxo- 
LOPHODON,  Cope.  Incisor  one,  one  canine  tusk ;  premolars  four,  with 
one  crescent  and  inner  tubercle  ;  molars  two ;  size  gigantic.  L.  cornutus; 
hoiiis  tripedral,  cylindric  ;  nasals  with  short  convex  lobes.  L.  furcatus, 
nasals  with  long  spatulato  lobes.  L.  pressicornis,  horns  compressed  sub- 
acuminate. 

(Signed)  Edward  D.  Cope, 

U.  S,  Geological  Survey, 

INote  by  the  Secretary  .^^The  above  telegram  was  so  badly  transmitted 
by  the  operators  as  to  be  read  with  difficulty,  and  the  precise  foims  of  the 
specific  names  could  not  be  certified  until  the  return  of  Prof.  Cope  from 
the  field.] 
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Obituary  Notice  of  Edward  Miller,  Civil  Engineer. 

Prepared  at  the  request  of  the  American  Philosophical  Society,  and  read  at 
a  meeting  of  the  Society,  April  5,  1872. 

By  Solomon  W.  Roberts,  Civil  Engineer. 

Edward  Miller  was  bom  in  Philadelphia  on  the  6th  of  January,  1811. 

He  was  the  third  son  of  William  Miller,  who  was  the  Secretary  of  the 
Philadelphia  Marine  Insurance  Company,  and  had  been  Commissioner 
of  the  Revenue  of  the  United  States  at  the  City  of  Washington.  He  was 
a  gentleman  of  the  old  school,  remarkable  for  his  punctilious  politeness, 
and  for  a  high  sense  of  honor ;  and  was  held  in  high  esteem  by  many 
prominent  citizens  of  Philadelphia,  and  in  particular  by  Mr.  Nicholas 
Biddle,  with  whom  he  was  very  intimate.  Mr.  William  Miller  and  his 
family  were  connected  with  the  first  Presbyterian  Church  of  Philadel- 
phia for  many  years. 

Edward  Miller  was  educated  at  the  University  of  Pennsylvania,  where 
he  graduated,  with  Mathematical  Honor,  when  seventeen  years  of  age. 
Immediately  afterwards  he  entered  the  Engineer  Corps  on  the  Lehigh 
Canal,  of  which  Canvass  White  was  the  Chief  Engineer.  Mr.  White  had 
been  one  of  the  Principal  Engineers  of  the  Erie  Canal  of  New  York,  and 
he  was  a  gentleman  of  fine  character  and  much  experience.  He  had 
made  pedestrian  tours  along  the  lines  of  the  principal  canals  of  Great 
Britain,  and  he  was  a  man  of  sterling  integrity  and  of  great  industry. 
Wlien  Edward  Miller  joined  the  corps,  the  Resident  Engineer  was  Syl- 
vester Welch,  a  man  of  remarkable  energy  of  character,  who  planned  the 
Portage  Railroad  and  directed  its  construction  across  the  Allegheny 
Mountain,  and  who  was  afterwards  the  Chief  Engineer  of  the  State  of 
Kentucky.  With  him  was  his  brother,  Ashbel  Welch,  since  the  Chief 
Engineer  of  various  important  works  in  New  Jersey,  and  for  several 
years,  until  the  leasing  of  the  lines,  the  President  of  the  United  Com- 
panies of  that  State.  On  the  Lehigh  at  the  same  time  were  W.  Milnor 
Roberts,  now  the  Chief  Engineer  of  the  Northern  Pacific  Railroad  ;  Solo- 
mon W.  Roberts,  now  Chief  Engineer  and  Superintendent  of  the  North 
Pennsylvania  Railroad ;  A.  B.  Warford,  Geo.  E.  Hoff'man,  Benjamin 
Aycrigg,  and  several  other  well  known  engineers.    It  was  a  good  school. 

Canvass  White  had  been  an  ofiicer  of  volunteers  in  the  war  of  1812, 
and  had  been  badly  wounded  at  Fort  Erie.  He  was  a  strict  disciplina- 
rian, and  set  a  fine  example  of  conscientious  discharge  of  duty,  even  when 
suffering  from  ill  health  and  much  bodily  weakness.  Henry  Clay,  when 
recommending  him  for  Engineer  of  the  Chesapeake  and  Ohio  Canal,  said: 
**  No  man  is  more  competent,  no  man  moi-e  capable  ;  and  while  your  faith 
in  his  ability  and  fidelity  increases,  your  friendship  will  grow  into  affec- 
tion." He  died  in  1834  of  pulmonary  disease,  when  44  years  of  age,  and 
is  buried  at  Princeton,  New  Jersey,  where  he  had  resided  as  Chief  En- 
gineer of  the  Delaware  and  Raritan  Canal. 
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The  principal  manager  of  the  business  of  the  Lehigh  Canal  and  Navi- 
gation Company  at  that  time,  was  Josiah  White,  a  member  of  the  Society 
of  Friends ;  a  man  whose  abilities  and  great  public  services  in  develoi)- 
ing  the  resources  of  Pennsylvania,  were  worthy  of  a  more  fitting  memo- 
rial than  they  have  yet  received. 

From  the  time  when  Edward  Miller  joined  the  corps  at  Bethlehem,  on 
the  Lehigh,  in  1828,  until  the  canal  was  completed  in  the  following  year, 
he  was  much  liked  by  his  comrades,  and  an  intimacy  grew  up  between 
him  and  the  writer  of  this  notice,  which  lasted  without  interruption  until 
his  death,  a  period  of  more  than  forty  years.  In  the  autumn  of  1829,  they 
entered  together  the  service  of  the  State  of  Pennsylvania,  on  the  western 
division  of  the  State  Canal,  of  which  Sylvester  Welch  had  been  appointed 
the  Principal  Engineer. 

That  work  was  finished  in  December,  1830,  and  early  m  1831  Edward 
Miller  went  abroad  and  passed  some  months  in  England,  where  he  care- 
fully examined  the  Liverpool  and  Manchester,  the  Cromford  and  High 
Peak,  and  other  railways  in  Great  Britain.  He  was  provided  with  excel- 
lent introductory  letters,  and  he  acquired  a  large  amount  of  valuable 
professional  knowledge.  Soon  after  his  return  home,  Sylvester  Welch, 
who  had  become  the  Principal  Engineer  of  the  Portage  Railroad  over  the 
Allegheny  Mountain,  appointed  Edward  Miller  to  be  his  Principal  Assist- 
ant in  charge  of  the  Machinery  of  the  Inclined  Planes.  Mr.  Miller  de- 
signed the  stationary  engines  and  other  machinery  for  ten  inclined  planes, 
and  superintended  their  construction  in  Pittsburg.  The  plans  were  novel 
and  ingenious,  and  the  rapid  manner  in  which  the  planes  on  the  moun- 
tain were  worked,  as  compared  with  those  elsewhere,  showed  their  great 
superiority.  In  the  spring  of  1834  the  railroad  over  the  mountain  was 
opened  for  public  use,  the  rise  from  the  canal-basin  at  HoUidaysburg  to 
the  summit  being  1,400  feet  in  a  little  over  ten  miles.  The  work  at- 
tracted much  notice,  and  many  persons  of  distinction  visited  it.  It  served 
its  purpose  until  it  was  superseded  by  the  improved  line  of  the  Penn- 
sylvania Railroad. 

Throughout  his  career,  Edward  Miller  illustrated  the  advantages  of 
literary  and  scientific  training  to  a  man  of  business.  He  surrounded 
himself  with  good  books  and  made  good  use  of  them.  He  turned  his 
attention  to  Geology,  and  studied  it  with  reference  to  its  influence  upon 
topography,  and  upon  the  contour  lines  of  the  country  in  which  he  was 
engaged  in  railroad  explorations  and  locations,  and  especially  with  refer- 
ence to  the  region  of  the  Allegheny  Mountains  in  Pennsylvania,  of  which 
he  traced  a  crest  line  tor  more  than  forty  miles.  Soon  after  he  grew  up 
to  manhood  he  wrote  an  essay  on  this  subject  for  publication. 

The  first  work  of  which  he  had  the  independent  charge  as  Chief  En- 
gineer, was  the  Catawissa  Railroad.  At  that  time  locomotive  engines 
had  been  but  a  few  years  in  use  for  miscellaneous  traffic ;  they  were  mudi 
lighter  and  less  powerful  than  those  now  used,  and  high  speeds  and  long 
trains  were  very  little  known.    The  ponderous  engines,  weighing  thirty 
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or  forty  tons,  with  steel  tires  and  steel  fire-boxes,  burning  anthracite 
coal,  and  rushing  along  over  varying  grades  with  a  speed  and  a  power 
which  continue  to  impress  the  imagination  even  of  those  whose  daily 
duty  it  is  to  direct  their  course,  had  then  no  existence. 

The  Catawissa  Railroad  has  a  summit-tunnel  about  1,200  feet  long,  ex- 
cavated through  rock.  The  rise  from  the  Susquehanna  at  Catawissa  to 
the  tunnel  on  the  head-waters  of  the  Little  Schuylkill,  is  very  nearly 
1,000  feet  in  about  thirty  miles.  Mr.  Miller  fitted  his  line  to  the  ground 
with  very  great  care,  and  in  such  a  way  that  the  road  has  no  grade  ex- 
ceeding thirty-three  feet  in  a  mile,  so  as  to  economize  locomotive  power 
to  the  greatest  possible  extent.  This  necessitated  the  building  of  several 
very  high  bridges  to  carry  the  grade  across  lateral  ravines  entering  the 
main  valley.  This  road  continues  to  be  in  successful  use.  The  location 
was  a  very  bold  one,  nothing  like  it  having  been  attempted  in  the  country 
before,  and  it  showed  a  very  considerable  degree  of  originalty  and  self- 
reliance  on  the  part  of  the  young  engineer  who  made  it. 

In  June,  1836,  while  living  at  Catawissa,  Mr.  Miller  was  happily  mar- 
ried to  Miss  Jessie  Patterson  Imbrie,  of  Philadelphia.  His  wife  survives 
him  with  a  large  family  of  children,  and  their  eldest  son,  Mr.  James 
Imbrie  Miller,  now  holds  a  high  position  in  British  India,  as  Chief  En- 
gineer of  the  Government  Railways  in  Rajpootana,  a  large  district  of 
Central  India,  with  the  rank  of  Lieutenant-Colonel  of  Engineers. 

Soon  after  his  marriage,  Edward  Miller  was,  for  some  time,  the  Chief 
Engineer  of  the  Morris  Canal  of  New  Jersey. 

Before  the  completion  of  the  Catawissa  Railroad,  he  left  it  to  become 
Chief  Engineer  of  the  Sunbury  and  Erie  Railroad  Company,  of  which 
Nicholas  Biddle  was  then  the  President.  He  proceeded  to  explore  the 
country  between  Sunbury  and  Erie,  much  of  which  was  a  wilderness.  It 
was  said  at  the  time,  that  in  the  wildest  part  of  it  there  was  but  one 
house  near  the  line  for  sixty  miles.  A  considerable  time  was  occupied  in 
preliminary  surveys,  but  the  construction  of  the  work  did  not  go  on  until 
long  after,  on  account  of  the  failure  of  the  United  States  Bank  and  the 
temporary  collapse  of  credit  that  ensued. 

The  people  residing  in  the  southern  tier  of  counties  in  the  State  of 
New  York,  were  resolutely  bent  on  having  a  railroad  from  the  Hudson 
River  to  Lake  Erie,  to  rival  the  Erie  Canal.  A  charter  was  obtained  and 
the  work  undertaken.  Thus  arose  the  New  York  and  Erie  Railroad 
Company,  whidi  has  had  such  an  extraordinary  history  since,  a  history 
which,  to  one  familiar  with  it,  seems  like  a  romance. 

By  its  charter  the  company  was  prohibited  from  locating  any  part  of 
its  road  outside  of  the  territorial  limits  of  the  State  of  New  York.  The 
long  line  was  cut  up  into  several  parts,  with  independent  Engineers  upon 
each,  and  confusion  followed  as  a  matter  of  course.  Edward  Miller  was 
employed  as  a  Consulting  Engineer  to  write  a  report  upon  what  was  going 
on.  This  he  did  so  much  to  the  satisfaction  of  the  Board  of  Directors, 
that  he  was  soon  after  appointed  Chief  Engineer  of  the  whole  line  from 
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the  Hudson  to  Lake  Erie.  When  it  is  considered  that  he  was  a  citizen  of 
Pennsylvania,  and  only  thirty  years  of  age,  it  is  remarkable  that  he 
should  have  received  such  an  appointment. 

The  location  of  the  railroad  was  materially  changed,  additional  legis- 
lation was  obtained,  a  part  of  the  line  was  laid  within  the  limits  of  Fenn- 
sylvan.a,  on  the  Upper  Delaware  ;  and  Mr.  Miller  continued  to  be  the 
Chief  Engineer  lor  about  three  years,  and  until  the  work  was  suspended 
for  the  want  of  funds.  The  first  division  of  the  road  was  opened  for 
public  use  while  he  had  charge  of  it. 

It  may  be  remarked,  in  this  connection,  that  a  great  change  has  come 
over  the  general  tenor  of  legislation  in  the  sevei*al  States  of  the  Union, 
on  the  subject  of  internal  improvements. 

Men  change  and  die,  but  the  mountain  ranges  remain  and  the  streams 
flow  on  in  their  old  channels.  The  arbitrary  lines  drawn  upon  tlie  map 
as  political  divisions,  cease,  more  and  more,  to  act  as  barriers  to  obstruct 
the  construction  and  use  of  railroads,  which  the  people  feel  that  they 
need  to  facilitate  their  free  intercommunication,  and  thus  the  railroads 
of  the  country  become  one  of  the  most  powerful  means  of  securing  a 
more  perfect  Union. 

After  leaving  the  New  York  and  Erie  Road,  Mr.  Miller  returned  to  Phil- 
adelphia, and  became  President  of  the  Harrisburg  and  Lancaster  Com- 
pany, which  post  he  held  for  two  years,  and  while  holding  it  he  visited 
England  as  financial  agent  of  the  Company.  In  1845  he  was  the  Chief 
Engineer  of  the  enlargement  of  the  Schuylkill  Navigation,  a  work  by 
which  the  tonnage  of  the  boats  upon  the  Schuylkill  River  and  Canal  has 
been  considerably  more  than  doubled. 

On  the  18th  April,  1845,  Edward  Miller  was  elected  a  member  of  the 
American  Philosophical  Society. 

In  1856,  the  Pennsylvania  Railroad  Company  was  chartered.  The 
prompt  construction  of  a  continuous  railroad  from  Philadelphia  to  Pitt*- 
burg  was  demanded  by  public  opinion  ;  and,  in  the  face  of  much  opposi- 
tion, the  City  of  Philadelphia,  in  its  corporate  capacity,  subscribed  five 
millions  of  dollars  to  the  stock  of  the  company. 

Mr.  John  Edgar  Thomson,  now  the  distinguished  President  of  that 
powerful  and  prosperous  corporation,  was  appointed  its  Chief  Engineer. 
Mr.  Thomson  is  a  native  of  Pennsylvania,  bom  in  Delaware  county,  and 
his  great  success  as  a  railroad  engineer  in  Georgia,  recommended  him  for 
his  new  post  of  professional  honor  and  responsibility.  How  worthily  he 
was  to  fill  it  is  best  shown  by  the  annual  reports  of  the  Pennsylvania 
Railroad  Company  for  the  last  twenty-five  years.  Edward  Miller  became 
the  Associate  Engineer  of  the  Western  Division,  the  most  difficult  part 
of  the  line,  and  under  his  supervision  the  surveys  and  location  of  the 
road  from  Altoona  to  Pittsburg  were  made,  under  Mr.  Thomson  as  Chief 
Engineer.  After  Mr.  Thomson  became  President  of  the  Company,  Mr. 
Miller  succeeded  him  as  Chief  Engineer. 

How  efficiently  these  gentlemen  aided  each  other,  and  thus  promoted 
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the  great  interests  confided  to  their  care  ;  with  what  freedom  from  pro- 
fessional jealousies  they  acted,  and  what  magmanimity  characterized 
their  intercourse,  is  well  known  to  the  writer  of  this  imperfect  tribute  to 
the  memory  of  one  whose  loss  we  now  deplore,  and  who  considers  it  to 
be  a  worthy  example  to  young  men  entering  upon  the  arduous  life  of  a 
Civil  Engineer. 

Mr.  Miller  remained  in  the  service  of  the  Pennsylvania  Railroad  Com- 
pany for  about  six  years,  and  in  1852  he  visited  England  on  business  of 
that  corporation. 

In  February,  1853,  he  became  the  Chief  Engineer  of  the  !North  Penn- 
sylvania Railroad,  and  continued  upon  that  line  until  June,  1856,  in  that 
year  being  President  of  the  Company.  He  located  the  railroad  from  Phil- 
adelphia to  Bethlehem,  and  part  of  it  was  completed  while  under  his 
charge.  A  continuous  line  was  also  located  from  Bethlehem  to  the  State 
line  of  New  York  at  Waverley,  and  various  other  surveys  were  made  to 
the  Delaware  Water  Gap  and  elsewhere. 

In  1856,  Edward  Miller  removed  to  Missouri,  having  been  appointed 
Cliief  Engineer  of  the  Pacific  Railroad  of  that  State.  He  held  that  post 
for  a  few  years  ;  and,  having  gone  to  reside  on  a  large  faim  near  the  Mis- 
souri River,  about  six  miles  from  the  Kansas  line,  the  war  broke  out,  and 
he  found  himself  with  a  large  family  in  a  position  of  great  peril.  The 
progress  of  the  railroad  had  stopped,  and  a  terrible,  irregular  warfare 
filled  all  Western  Missouri  with  fear.  After  enduring  the  evils  of  this 
position  for  a  time,  Mr.  Miller  returned  to  Philadelphia,  leaving  that  home 
in  the  West  which  he  had  done  much  to  improve,  and  which  had  for  a 
while  lost  its  value. 

Although  many  millions  of  dollars  had  been  disbursed  under  his  direc- 
tion on  various  public  works,  his  accumulations,  after  many  yeais  of  labor, 
had  not  been  large.  He  was  proud  of  his  profession,  looking  upon  it  as 
the  art  of  directing  the  great  sources  of  power  in  nature  to  the  use  and 
benefit  of  man,  and  he  considered  the  Civil  Engineer  to  be  not  only  the 
interpreter  between  the  man  of  science  and  the  mechanic,  but  also  a  cap- 
tain of  industry,  bound  in  honor  to  set  a  good  example  to  those  working 
under  him  of  all  uprightness  and  integrity. 

He  had  reached  the  age  of  fifty  years,  and  he  felt  the  importance  of 
making  a  more  adequate  provision  for  his  family.  Through  the  kind  as- 
sistance of  Mr.  John  Edgar  Thompson,  he  became  a  partner  in  a  large 
contract  for  the  completion  of  the  Philadelphia  and  Erie  Railroad,  which 
proved  to  be  profitable,  and  he  was  afterwards  interested  as  a  contractor 
on  the  Warren  and  Franklin  and  Kansas  and  Pacific  Railroad.  The 
favorable  results  of  these  undertakings  enabled  him  to  leave  his  family  in 
easy  circumstances. 

In  January,  1871,  he  was  sixty  years  old,  and  about  that  time  he  found 
himself  suffering  from  serious  disease,  the  symptoms  of  which  had  begun 
to  develop  themselves  some  time  before.     An  internal  tumor,  of  a  cancer- 
ous nature,  was  found  to  exist  and  to  be  increasing,  and  the  resources  of 
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medical  science  and  skill  failed  to  rem)ve  it.'  He  lived  for  about  a  year, 
after  the  nature  of  his  disease  became  known  to  him,  and  at  times  he 
suffered  great  pain .  In  the  latter  part  of  the  time  he  could  take  but  little 
food,  and  his  strong  frame,  more  than  six  feet  in  hei  ht,  became  very 
much  emaciated.  He  was  nursed  with  the  tenderest  care  ;  and  a  supply  of 
the  bark  of  the  Cundurango  plant  from  South  America  was  obtained  for 
him,  which  has  been  highly  spoken  of  as  a  remedy  for  cancerous  diseases, 
but  which  failed  in  this  case. 

The  Christian  character  of  PMward  Miller  was  beautifully  exhibited  in 
his  last  illness,  and  he  was  a  fine  example  of  **  the  power  of  religion  upon 
the  mind  in  retirement,  affliction,  and  at  the  approach  of  death."  He  had 
long  been  a  member  and  an  elder  of  the  Presbyterian  Church.  Although 
a  person  of  very  positive  opinions,  and  free  in  the  expression  of  them,  he 
was  a  broad-minded  man,  and  some  of  his  nearest  friends  were  not  of  his 
religious  communion.  At  the  last,  he  passed  away  serenely  to  his  final 
rest,  full  of  Christian  faith  and  hope. 

He  died  on  the  first  of  February,  1872,  in  the  sixty-seccind  year  of  his 
age,  at  his  house  in  West  Philadelphia,  and  was  buried  at  Woodlands 
Cemetery. 
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